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Outbreaks  offoodbome  Illness  associated  with  consumption  of  fresh  or  minimally 
processed  produce  items  are  becoming  an  all  too  frequent  occurrence.  The 
attadnment  of  these  pathogens  to  the  surface  of  produce  items,  their  ability  to 
persist  under  a variety  of  conditions,  as  well  as  their  responses  to  disinfection 
treatments  have  not  been  adequately  explored  to  date.  Four  produce  items  with 
distinctly  different  surface  charactehsllcs  were  selected  for  examination: 
strawberries,  tomatoes,  romaine  lettuce,  and  cantaloupe.  The  pathogenic 
bactena  Eschen’chia  coli  01 57:H7  and  Salmonella  Montevideo,  both  implicated 
in  outbreaks  associated  wth  produce,  along  with  the  bactehophages  MS2, 

PRD1,  Phi-X  174,  and  the  enterovirus  polio  1 were  selected  as  challenge 
organisms.  The  ability  of  the  bacteria  and  vlnjses  to  persist  on  tomatoes  and 
strawbeiTies  as  influenced  by  temperature,  location,  degree  of  processing  (i,e., 
waxing),  and  organic  load  was  examined.  Efficacy  of  disinfection  treatments, 
including  chlorine  and  chlonne  dioxide  solutions,  was  evaluated.  Challenge 


organisms  were  recovered  op  to  21  days  posl-irocolaBor  from  tomatoes,  after  9 
days  ort  strawberries,  and  challenge  organisms  on  both  fruits  were  resistant  to 
disinfection  treatments  evaluated.  Romaine  lettuce  was  inoculated  with 
challenge  organisms  to  idenhfy  localization  preferences,  examine  thsir  ability  to 
persist  under  refrigerated  storage,  and  evaluate  efficacy  of  disinfection 
treatments.  Inccula  demonstrated  a propensity  toward  attachment  to  leaf  tip  and 
midrib  portions  of  pre-cut  lettuce  and  persisted  throughout  the  14-day  study. 
Statistically  signirtcani  reductions  were  obtained  by  all  the  disinfection  treatments 
examined,  including  chlorine  solutions  applied  over  a broad  range  of  pH. 
Localization  of  chsllanga  organisms  on  inoculated  cantaloupe  was  examined, 
with  preferential  attachment  observed  for  the  stem  scar.  Disinfection  treatments 
were  examined  and  greater  population  reductions  oncanteloupe  surfaces  were 
observed  than  forlha  other  products  examined.  Bacleriaand  viruses  were 
recovered  up  to  30  days  post-moculation  from  cantaloupe.  The  results  of  this 
study  Indicate  bacteria  and  viral  agents  readily  attach  to  pioduca  surfaces  and 
survived  for  extended  periods  under  normal  storage  condiBons.  While  significant 
reductions  were  obtained  by  the  treatments  evaluated,  complete  elimination  of 
challenge  organisms  was  not  achieved.  These  findings  stress  the  necessity  to 
prevent  produce  contamination  lalhar  than  relying  on  disinfection  procedures. 


CHAPTER  I. 

INTRODUCTION 

The  exchange  of  produce  among  intemalional  trading  partners  has 
provided  consumers  with  a plethora  of  choices  In  the  produce  aisle:  however,  It 
has  also  created  concerns  about  the  safety  of  those  products.  These  produce 
items  Include  Intact  fresh  fruits  and  vegetables  as  well  as  minimally  processed 
items  which  may  have  been  washed,  sliced,  and  packaged  by  the  producer, 
packing  house  or  retail  grocer.  The  dietary  practices  of  Amencans  have  changed 
over  the  years  as  well.  Public  health  information  campaigns  such  as  the  food 
pyramid  and  the  Frve-a-Day  for  Setter  Health,  as  promoted  by  the  National 
Cancer  Institute,  have  succeeded  in  increasing  the  consumption  of  fresh  fruits 
and  vegetables  by  the  American  public  (Hedberg  at  al„  1994).  In  their  review  of 
national  reports  of  foodbome  illness  and  the  factors  associated  with  those 
illnesses,  Hedberg  at  al„  examined  changes  that  could  be  contributing  1o  the 
Increase  in  illnesses  associated  with  the  consumption  of  raw  and  minimally 
processed  fruits  and  vegetables.  These  faclors  Include  changing  consumption 
patterns,  and  the  use  of  wastewater  and  inadequately  composted  manure  on 
soils  used  forfruH  and  vegetable  production.  Other  factors,  such  as  the 
inadvertent  Introducrion  of  pathogens  into  new  geographic  locations  due  to 
increasing  globalization  of  the  food  supply,  and  even  the  development  ofnaw 


virulence  factor  by  microorganisms  has  been  Implicated  as  contnbuling  to  the 
Increase  in  foodbome  Illness  associated  with  produce  (Beuchat,  2000). 

Produce  may  became  contaminated  In  a number  of  ways.  It  may  be 
contaminated  while  growing  in  fields  or  orchards,  during  harvesting  or  post- 
harvesthandling. or  by  Infected  food  handlers  or  poor  food  handling  practices 
(Beuchat.  1996:2000).  The  risk  to  consumers  posed  by  contamination  of  the 
exterior  surface  oFproduce  Is  two-fold.  First,  pathogens  are  ingested  directly, 
such  as  with  ready  to  eat  (RTE)  produce  where  the  exterior  is  not  peeled  away: 
in  this  case  the  product  serves  ass  fomite.  i.e..  vector  that  does  not  support 
pathogen  growth.  This  mechanismmayoccurwithalmost  any  fresher  minimally 
processed  fruit  or  vegetable.  The  key  to  this  pathway  is  that  the  pathogen  is  able 
to  survive  the  Inhospitable  conditions  experienced  during  storage  and  transport, 
and  Is  able  to  resist  washing  and/or  sanlbzation  processes. 

In  the  second  Instance,  extenor  contamination  can  be  transferred  to  the 
Interiorofthe  product,  during  slicing  or  processing,  as  demonstrated  by  previous 
studies  of  pathogenic  bacteria  (UkuKu  and  Sapers,  2000:  Suslow  et  al.,  2000:  Lin 
and  Wei,  1997).  Once  the  bacterial  or  viral  pathogens  gain  access  to  the  Interior 
of  the  product.  pH  and  other  factors  are  antagonistic  toward  most  pathogens  but 
do  not  ensure  product  safety  (Pahsh.  1997).  This  is  the  pathway  that  is  more 
likely  lobe  of  concern  In  a food  processing  setting,  such  as  the  slicing  of  melons 


’ commercial  produce 


Bacterial  and  viral  infections  associated  wltti  the  consumpb'on  of  fruits  and 
vegetables  are  a growing  cortcem  for  consumers  and  public  health  organizations 
(CIKrer,  1S97;CAST,  1994).  Pathogenic  bacteria  such  as  Salmonella  spp.  and 
Escherichia  coll  O^S^■M7  have  been  IlnKed  to  the  consumption  of  produce, 
Including  watermelons,  cantaloupes,  sprouts,  tomatoes,  end  fresh  salad 
vegetables  (Altekruse  el  al.,  1997;  Bean  et  el„  1996:  Council  for  Agriculture 
Science  and  Technology  (CAST),  1994).  Viral  pathogens,  such  es  human  enlenc 
viruses,  have  also  been  Implicated  In  a variety  of  produce-borne  diseases  and 
are  amorrg  the  leading  causes  of  foodbome  illness  (Altekruse  et  al.,  1997;  Bean 
el  al.,  1996:  Cabling  etal..  1993:Jaykus,  1997:  Mead  el  al.,  1999).  Infected 
Individusis  can  excrete  these  viral  pathogens  In  high  numbers,  and  although 
viruses  will  not  grow  on  or  In  food  products,  they  can  persist  on  foods. 

There  are  several  gaps  in  knowledge  associated  with  produce  safety  that 
need  to  be  addressed.  The  first  Is  elution  techniques  and  methods  to  recover 
pathogenic  bacteria  and  vinjses  from  verlous  produce  items.  Techniques  that 
will  elute  the  maximum  number  of  the  target  organisms  (either  Inoculated 
challenge  organisms,  or  naturally  occurring  contamirrants)  allow  for  more 
representative  surveys  ofprooucelnthe  market,  as  well  as  provide  a sound 
basis  lor  experimentation  with  produce  In  the  laboratory.  Techniques  in  the 


recovery  and  qjanlifidaton  of  microorganisms  from  water  and  some  surfaces 
have  been  developed  and  widely  used.  However,  differences  in  surface 
strucbires  and  the  Infernal  composition  of  produce  items  pose  obstacles  In  the 
processing  of  samples  for  analysis,  and  create  the  need  to  develop  specific 
techniques  to  address  these  challenges.  In  this  study,  elution  techniques  and 

Hems  wHh  varying  composition. 


There  has  been  much  worft  in  the  field  of  horticulture  concerning  the 
localization  and  attachment  of  various  plant  pathogens  (Bartzsnd  Showalter. 
1961).  This  worK  has  not  been  done  to  a great  edenl,  however,  with 
microorganisms  of  concern  to  human  health.  Plant  pathogen  studies  have  also 
included  survival  studies  of  plant  painogens  or  spoilage  organisms  artificially 
Inoculated  onto  various  produce  items.  But  again,  the  survival  of  bacteria  and 
viruses  associated  with  fbodbome  illness  has  not  been  studied  In  detail, 
especially  Ineo^rating  environmental  variables  such  as  temperature  and 
organic  load  inliuences  such  as  the  nutrients  present  In  waste  water.  Tne 
present  study  evaluated  the  persistence  of  pathogenic  bacteria  and  sheeted 
viruses  over  a variety  of  storage  variables  including  temperatura,  inoculum 
carrier  and  location  of  inoculum  application,  and  degree  of  processing  applied  to 


the  produce  type. 


produce  has  i 


icent  incidence  cf  illness  associated  with  the  consumption  of 
made  consumers  more  aware  of  the  potential  risks  posed  by  fresh 
produce  Items  prepared  and  consumed  at  home.  Limited  scientific  Information  Is 
currently  available  about  the  effecUveness  of  treatment  methods  available  to 
consumers  to  reduce  microbiological  contamination.  This  study  examined 
methods  that  can  be  used  at  the  home  or  retail  levels,  as  well  as  commercially,  to 
reduce  the  amount  of  bacterial  and  viral  conlaminallon  on  produce  items. 


CHAPTER  II. 
LITERATURE  REVIEW 


There  nas  recsrily  been  an  increase  In  the  research  being  conducts^  In 
the  feld  of  produce  safety  due  to  the  Increasing  Incidence  of  produce-implicated 
illnesses.  This  chapter  will  address  a few  of  the  topics  in  the  current  scientific 
literature  that  are  relevant  to  this  study,  with  Information  presented  in  four  parts:  a 
review  of  the  Incidence  of  produce-borne  illness  and  the  produce  type  Implicated; 
a review  of  relevant  research  methodology  regarding  produce  safety;  and  a brief 
overview  of  disinfection  treatments  available  to  address  produce  contamination; 
and  a discussion  about  the  localization  of  and  survival  of  bacteria  and  viruses  on 
the  surfaces  of  produce. 

Illness  aasocisled  with  produce  consumption.  The  Increasing  Incidence  of 
illness  associated  with  the  consumption  of  produce  has  been  well  documented 
(Alteknjseetal.,  1997:  Sean  etal.,  1996;  Oliver,  1997).  Beuchat  (1996;  2000) 
has  provided  two  thorough  overviews  of  both  reported  foodbome  illnesses 
associated  with  produce,  and  a review  of  the  current  research  assodated  with 
produce  safety.  Strawberries  have  bean  associated  with  repeated  outbreaks  of 
hepatitis  A during  the  1990s.  An  outbreak  of  hepatitis  A linked  to  the 
consumpion  of  frozen  strawbemes  in  Georgia  and  Montana  during 


I period  in  1890  < 


: to  8 single  processing  plant  (Nij  < 


al..  1992).  In  1997,  frozen  strawberries  distributed  tbrough  the  USDA  sponsored 
school  lunch  programs  were  implicated  in  a total  of  153  cases  of  hepatitis  A in 
Michigan  (Centers  for  Disease  Control  and  Prevention  [COC],  1997).  The 
strawberries  im^icated  in  the  Mititigan  outbreak  were  first  received  from  Mexico, 
and  were  then  processed,  packaged,  and  distributed  by  a single  compeny  In 
Southern  California  (CDC.  1997). 

Tomatoes  have  been  implicated  In  several  outbreaks  offoodbome  illness 
as  vrell.  Outbreaks  of  Salmonellosis  associated  with  tomatoes  occuned  in  1991 
and  1983(Hedberg  etal.,  1994;  Wood  el  al.,  1991).  Tomatoes  have  also  been 
associated  with  viral  infeclions,  with  diced  tomatoes  being  implicated  In  an 
outbreak  of  hepatitis  A (Wiiliams  et  al.,  1994). 

Outbreaks  of  E.  coli  01S7.H7  infections  have  bean  linked  to  the 
consumption  of  lettuce.  A 1995  outbreak  of  E eoli  0157:H7  m Western  Montana 
was  traced  baUr  to  the  sources  of  the  implicated  lettuce,  and  poor  agricultural 
practicss,  such  as  the  use  of  improperiy  composted  dairy  manure  and 
unprotected  irrigation  waters  were  identifed  (Ackers  et  al.,  1998).  A second  well- 
docurrwnted  multi-stats  outbreak  of  £ co// Of  57;H7  associated  with  mssdun 
letiuce  occurred  In  1996.  The  contaminated  lettuce  was  traced  back  to  a singis 
source,  and  field  investigators  idenSfied  numerous  poor  agricultural  and 


manjfacturlng  practices  potentially  contributing  to  the  contamination  of  the 
pioduci  (HUbom  et  al.,  1999). 

Cantaloupes  Imporied  from  Mexico  were  implicated  in  trie  1997  outbreak 
of  SBlmooBlIa  saphra  infections  (Uorile-Soelani  et  al.,  1999).  An  outbreak  of 
Salmonella  cheater  in  1990  was  also  traced  back  to  trie  source  of  trie 
cantaloupes  from  Mexico  (RIes  et  al.,  1990).  Oomestically  produced  cantaloupes 
riave  been  associated  wrtri  foodbome  illness  as  well,  wltri  cantaloupes  from 
Texas  growers  Implicated  In  an  outbreak  of  SalmoneVa  poonafCOC,  1991). 

These  outbreaks  of  foodbome  Illness  rilghllgrit  the  potential  for  bacterial 
and  viral  pathogens  associated  with  produce  to  enter  the  domestic  food  supply, 
be  widely  distributed,  and  cause  illness  to  those  consuming  the  contaminated 
products.  The  Increased  consumption  of  fresh  produce  and  subsequent 
increasing  incidence  of  foodbome  illness  are  creating  concerns  for  consumers 
and  food  safety  officials  alike  about  the  microbial  quality  and  safety  of  produce 
(Aiteknjseetal.,  1997;  CAST,  1994:  Tauxeetal..  1997).  It  should  be  kept  In 
mind  that  while  the  number  of  confirmed  cases  of  illness  attributed  to  pnoduos  Is 
Increasing,  these  incidents  are  still  relatively  infrequent  compared  to  the  number 
of  cases  associated  with  foods  of  animal  origin.  Nonetheless,  findings  from  this 
review  of  the  literature  have  demonstrated  the  importance  and  need  for 
additional  research  related  to  produce  safety  and  preventative  measures. 


Cun^nl  research  methods  essoclalad  vtHh  produca  safety.  Ttie  selection 

be  a source  ofgreal  debate  among  membeis  of  Bie  scientific  community,  While 
there  are  standard  methods  for  the  evaluation  of  disinfectants,  alorrg  with 
specified  reference  organisms  (AOAC,  1996),  these  may  not  be  readily 
applicable  to  the  evaluation  ofproduce  disinfection  treatments.  Researchers 
worfiing  with  a combination  of  challenge  organisms  often  use  a selective  medium 
containing  supplements  to  differentiate  Individual  bacterial  species  (Lukasik  el 
al.,2000:Ca3blloetal.,  1999;  Finn  and  Upton,  1997;  Jacxsens  etal.,  1999). 
Differentiation  is  also  accomplished  using  antibiotic-resistant  strains,  such  as 
dfampidn-resistant  strains  of  £ co/i  and  Satmonelle  [Lukasikelal..  2000;  Castllo 
etal.,  1999;Linand  Wei  1997;  Wei  etal..  1995). 

While  selectve  and  dlflerenlial  media  may  be  ublized  to  distinguish  the 
challenge  organisms  from  the  background  flora  of  the  produce,  the  first  challenge 
researchers  face  is  the  removal  of  the  challenge  organisms  from  the  inoculated 
produce.  Lukasikelal.  (2000)  provided  an  excellentoverview  and  comparison  of 
both  elution  techniques,  and  elution  and  recovery  media  to  elute  Sa(morie«a,  E. 
cal',  and  viruses  from  tomatoes  and  strawberries.  These  methods  for  the  elution 
of  challenge  organisms  (bacteria  and  viruses)  from  the  surfaces  of  strawberries 


Ths  recovery  medle  torUie  dialfsnse  bacteria  cortsleled  oftrypticasesoy 
agar  eupplemerted  with  lifampicin.  ferric  ammonium  cctrale,  and  sodium 
throsulfale.  The  antibiotic  rifamplirir  reduces  the  backgrourrd  microftoraofthe 
samples,  while  the  sodium  thiosulfate  and  ferric  ammonium  citrate  allow  the 
bacterial  colohies  to  be  distinguished  from  each  other  (LuKaalk  el  al..  2000).  The 
eluent  buffer  reported  by  these  researchers,  phosphate-buffered  salihe 
supplemented  with  the  neutral  detergent  Tween  80.  was  also  utilized  in  Otis 
study.  The  salt  and  detergent  combination  was  reported  to  surmount  the 
electrostatic  and  hydrophobic  forces  that  facilitate  the  attachment  of  ^e 
challenge  organisms  to  the  surfaces  of  produce.  The  methodof  LuKasiket  el. 
(2000)  was  also  applied  to  cantaloupe,  which  was  inoculated  and  processed  in  a 
manner  somewhat  similar  to  tomatoes. 


The  elution  method  of  LuKasik  et  al.  (2000)  for  the  recovery  of  challenge 
organisms  from  strawberries  and  tomatoes  (I.e.,  eicising  inoculated  tissue)  could 
not  be  readily  applied  to  lettuce  because  of  the  physical  differences  in  the 
structure  of  the  products.  Escudeio  et  al.  (1099)  rsporied  a method  of 
ihoculation  and  eluticn  from  chopped  Iceberg  lettuce.  The  recovery  method  of 
Escuderoetal.  (1999)  (stomaching)  was  compared  to  a modified  version  of  the 
shaking  method  reported  PyLukasikelal.  (2000)  for  the  elution  of  challenge 
bacteria  and  viruses  from  the  surfaces  of  fresh-cut  romeine  lettuce.  While  the 
method  of  Escudero  et  al.  (1999)  eluted  high  numbers  of  challenge  organisms, 
the  potential  foMhe  aerosolizalionoflhe  challenge  viruses  associated  with  the 


lettuce  due  to  fbam  production  during  slomacliing  was  significant  enojgli  that  the 
method  of  Lukasik  (2000)  was  selected. 

Viral  pathogens,  such  as  human  enteric  viruses,  have  also  been 
Implicated  in  a variety  of  produce-borne  diseases  and  are  among  the  leading 
causes  offoodbome  illness  (Altekruse  el  al.  1997;  Bean  et  al.,  1996:  Dahting  el 
al..  1993;  Ja^us,  1997;  Meed  el  al..  1999).  Undoubtedly,  much  more  Is  known 
about  bacterial  pathogens  versus  viruses,  due  to  defidencles  In  viral  Isolatioh 
and  identificatioh  techniques.  For  example,  there  are  more  than  100  types  of 
human  pathogenic  viruses  that  can  be  present  in  water  contaminated  by  human 
and/or  animal  fecal  matter,  but  only  a small  portion  can  be  readily  delected  by 
current  methods  (Bosh  el  a1„  1986;  Havelaaretal.,  1993).  Many  viruses  can  be 
recovered  from  raw  sewage  effluent  and  treated  sewage  discharge  (Cliver, 

1997),  and  even  soils  and  natural  bodies  of  water  (Bosh  el  al„  1986).  However, 
in  comparison  to  bacterial  pathogens,  there  Is  less  Information  about  the  physical 
asaoclatlon  and  removal  of  viral  aganlsfrom  produce  surfaces  (Beudial,  1996; 
daykus,  1997). 


In  addition  to  the  two  representative  bacterial  pathogens  S.  Montevideo 
G4639  and  £ aoll  Of 57.H7  (ATCC  110195-B1),  the  bacteriophages  Phi-X-174, 
PRD-1,  and  MS2  were  included  as  challenge  viruses  In  this  study.  Poliovinis  1 
(strain  Lsc)  was  also  Included  in  selected  persistence  and  disinfection  trials. 


sry,  isolallon, . 


Identiflcatior  of  maryofUie  i 


certain  bacteriophages  as  indicators  of  viral  corttaminatiorr  and  as  models  for 
other  pathogenic  vimses  have  been  used  In  research  studies  The  viruses 
included  in  this  study  have  previously  served  as  rtxidels  of  human  enteric  viruses 
In  attachment  and  persistence  studies  (Lukasik,  199S;  Lukasiket  al..  1996; 
Lukssik  et  al..  2000:  Davies  et  al.,  1993;  Farrah,  1982:  Funderburg  and  Sorber, 
1985;  Havelaar  et  al..  1993:  Jones  el  al..  1991),  and  disinfection  trials  (Davies  et 
al., 1993;  Jones  et  al.,1991). 

Disin/eclion  Ireelmenis.  The  protection  of  produce  items  from 
contamination  presently  includes  the  appiicationoffood  protection  systems  such 
as  Hazard  Analysis  and  Critical  Control  Point  Systems  (HACCP),  Good 
Agricultural  Practices  (GAPs)  and  Good  Manufacturing  Practices  (GMPs).  In 
addition  to  these  established  food  safety  systems,  the  U.S.  Food  and  Drug 
Administration's  Center  fer  Food  Safety  and  Applied  Nulrltron  has  produced  the 
‘Guide  to  minimize  microbial  food  safety  hazards  for  fresh  (njlls  and  vegetables', 
which  Is  intended  to  serve  as  a guide  for  the  production  and  processing  of  fresh 
pnpduce  (1998).  This  document  is  only  a guide  and  is  not  currently  compulsory. 
The  prevention  of  contamination  of  produce  is  a very  difficult  task,  and  current 
food  protecitan  systems  may  not  be  enough  to  assure  the  production  and 
distribution  of  pathogen  free  fruits  and  vegetables.  This  may  be  especially  Inie 
considering  the  volume  of  produce  Items  imported  from  countries  where  GAPs 
and  other  food  safety  systems  are  not  In  place  and  under  regulatory  oversight 


While  prevention  o(  contamination  is  the  preferred  method  of  essuhng  produce  is 
safe  for  consumption,  disinfection  treatments  may  aiso  piay  an  important  note. 

Washing  fruits  and  vegetabies  with  potable  water  immediately  post- 
harvest  as  a part  of  a rapid  cooling  program,  at  packinghouses  prior  to 
distribution,  or  immediately  before  consumption  at  the  point  of  use  is  undoubtediy 
the  most  frequent  treatment  sppiied  to  produce,  Beuchat  (2000)  indicates  that 
washing  produce  items  in  hot  water  removes  a portion  of  the  pathogenic  and 
spoilage  organisms  present,  but  Oral  scientifc  studies  evaluating  the  efficacy  of 
this  simple  and  prevalent  treatment  ere  few.  The  study  presented  in  this  report 
included  treatments  of  produce  items  with  wann  (43°C)  lap  water. 

While  the  evaluation  of  chlorine  treatments  applied  to  tomatoes  artificially 
contaminated  with  Salmonella  Spp.  [Weletal.,  1995;  Zhuang  and  Beuchat. 

1996)  and  other  pathogens  (Beuchat  and  Brackett,  1991)  have  been  published  in 
the  scientific  literature,  disinfection  of  produce  surface  associated  viruses  with 
chlonne  solutions  have  not  been  reported.  Chlorine  solutions  are  frequently  used 
to  disinfect  produce  items  In  commercial  operations  at  concentrations  of  50- 
200ppm  with  exposure  times  typically  1-2  minutes  (Beuchat,  2000).  The 
efrectivenesB  of  50, 100,  200,  and  300ppm  free  chlonne  solutions  at  inactivating 
challenge  bacteria  and  viruses  on  the  surfaces  ofstrawberries,  tomatoes,  lettuce, 
and  cantaloupe  was  evaluated.  The  effectiveness  of  chlorine  treatments  is 
influenced  by  the  amount  of  free  available  chlorine  (as  hypochlorous  acid  and 


hiypochlorite  ion),  wWch  Is,  greally  Influenced  ftypH  (While,  1982).  To 


this  influence  on  the  efficacy  of  the  treatments,  chtahne  solutions  were  applied  to 
Inoculated  lettuce  with  the  pH  unadjusted  or  adjusted  to  pH  7.3  ftir  each  chlorine 
concentration  used. 

The  scientlTic  Informahon  currently  available  on  the  effectiveness  of 
chlorine  dioxide  Is  limited  In  compan'son  to  the  Information  available  about  the 
use  of  chlorine  as  a disinfectant  for  fiutt  and  vegetables.  Chlorine  dioxide  has 
been  used  to  disinfect  Usleria  monocytogenes  inoculated  onto  lettuce  by  Zhang 
and  Farber  (1996)  and  chlorine  dioxide  has  also  beert  evaluated  tor  controlling 
microorganisms  In  water  used  in  hydrocoolers  for  chilling  cucumbers  (Reina  el 
al..  1995).  To  dale  there  are  no  scientific  studies  published  that  explore  the 
effects  of  stabilized  chlorine  dioxide  products  on  vlaises  associated  with  produce 
surfaces.  Chlorine  dioxide  was  applied  to  Inoculated  strawbem'es,  tomatoes, 
lettuce  and  cantaloupe  in  this  study  and  the  responses  of  the  challenge  baclena 
and  viruses  examined. 


This  study  examinsd  methods  currently  utilized  by  some  produce 
processors  and  packinghouses  that  can  also  be  implemented  al  the  home  or 
retail  levels  to  reduce  the  amount  of  bacterial  and  viral  contamination  ftom 
produce  items.  Camsbon  200®  (International  Dioxide  Inc.,  Clark  NJ),  a 
commercially  available  stabilized  chorine  dioxide  product  approved  for  use  on 
produce  items  by  commercial  processors,  was  also  examined. 


LoceliiBlIon  and  oarsiatance  of  chellanga  organisms.  There  hes  been 
much  work  In  Ihe  Reid  of  horllculture  concerning  Ihe  locelizebon  and  attachment 
of  various  plant  pathogens.  This  work  has  not  been  done  to  a great  extent, 
however,  with  microorganisms  of  concern  to  human  health.  The  locations  where 
transient  microorganisms  attach  to  lettuce,  partcularly  fresh-cut  lettuce,  have 
only  recently  been  explored.  In  part  due  to  development  of  new  microscopy 
techniques.  Researchers  using  a combination  of  fluorescein  Isothlocyanate- 
labeled  marker  organisms  and  powerful  microscopy  teOtnlques  have 
documented  not  only  the  attachment  to  the  surface  of  the  leaf,  but  also  the 
Internalization  of  bacteria  deep  within  the  Interior  tissue  (Seoand  Frank.  1999; 
Wood,  2000;  Takeuohl  and  Frank,  2000).  Studies  have  recently  been  conducted 
utilizing  these  methods  to  detennine  if  the  Introduced  riora  demonstrate  a 
propensity  for  attachment  to  ditfering  regions  of  processed  lettuce  (l.e  .cut 
surfaceorleaftip)  but  have  only  looked  atlceberg  varieties  of  lettuce.  This  study 
examined  the  attachment  preference  of  the  challenge  organisms  on  fresh-cut 
romaine  hearts,  midrib  and  leaf  tips. 

The  attachment  preferences  of  the  challenge  organisms  to  various 
locations  on  cantaloupes  immersed  in  a suspension  of  challenge  organisms  vrere 
also  examined.  Inlact  surfaces  from  the  lop  and  bottom  of  Ihe  melons,  and  the 
stem  and  blossom  scar  regions  were  examined.  Suslow  el  al.  (2000) 
demonstrated  that  Ihe  Intact  rind  of  Ihe  cantaloupe  is  not  an  absolute  barrier  to 


artifioany  inoculated  or  Indigenous  bacteria,  with  S.  Typhimurium  LT2  recovered 
Smm  below  the  rind.  Suslow  et  al.  (2000)  also  reported  that  bacteria  inoculated 
on  the  blossom  and  stem  scars  were  occasionally  detected  In  the  interior  desh 
after  storage.  Determining  the  preferential  attachment  locatioris  of  bacteria  and 
viruses  may  be  a Key  point  in  the  development  of  disinfection  treatments  or  other 
preventative  measures  to  address  melon  contamination. 


There  has  also  been  considerable  research  done  in  the  held  of  horticulture 
concerning  the  persistence  of  plant  pathogens  on  plant  surfaces.  This  work  with 
plant  pathogens  has  often  Included  survival  studies  of  plant  pathogens  artificielly 
inoculated  onto  various  produce  items.  But  again,  the  survival  of  bacteria  and 
viruses  associated  with  foodbome  illness  has  not  been  studied  in  detail, 
especially  inclusive  of  environmental  parameters  such  as  temperature  and 
organic  load  InHuences.  While  the  survival  of  soms  human  viral  pathogens  under 
a variety  of  condlHons  has  been  well  documented  (Abed,  etal.,  1994;  Ansari,  et. 
al..  tgeS:  Oshling  et  al..  1993;  Davies  at  al.,  1993:  Jones  el  al..  1991:  Keswick  et 
al.,  1983),  and  the  transmission  ref  viral  agents  via  fbmites  has  been  explored 
(Abed  et  al.,  1994;  Ansari  el.  al.,  1988;  Keswick  el  al-.  1983),  Information 
pertaining  to  the  associalion  of  produce  and  viral  agents  Is  scant  (Beuchat,  2000; 
Jaykus,  1997).  The  persistence  abilities  end  adherence  preferences  of  relevant 
pathogenic  bacteria  and  viruses  on  the  surfaces  of  produce  have  not  been 
studied  in  adequate  detail;  this  is  espedally  true  for  viruses.  ThS  study 
examines  the  persistence  of  two  bacterial  pathogens  end  selected  viruses 


inoculated  on  strawberries,  tomatoes,  Iresri-cut  lettuce,  and  cantaloupes. 
Variables  Including  Inoculum  carrier  (water  or  sewage),  location  of  Inoculation, 
degree  of  processing,  and  storage  temperatures  ware  applied  to  the  produce 
items  and  their  influences  on  challenge  organism  persistence  examined. 


CHAPTER  III. 

MATERIALS  AND  METHODS 

BacleriBi  Birains.  media,  end  growth  condillone.  Bacteria  ware  stored  at 
70°C  in  36%  tiyptlc  soy  broth  (TSB](DlfCo.  Laboratories.  Detroit,  Ml).  The 
following  strains  of  E.  coll  0157:H?aniS  the  source  of  Isolates  examirted  were  as 
follows;  American  Type  Culture  Collection  (ATCC)  43888 -isolated  from  human 
feces;  ATCC  35150-  isolated  from  human  feces;  Kaspar  1404-  derived  from 
ATCC  43895-  isolated  from  ground  beef;  FRIK-24-  isolaied  from  cattle  feces; 
ATCC  110195  B1  - isolated  from  cattle  feces.  The  following  Salmonella  Spp. 
and  thsir  sources  Included:  S.  Montevideo  G4639 -tomatoes;  S.  Chester  ATCC 
1197 -cantaloupe:  and  S.  Sfenfey  ATCC  7308  - alfalfa  sprouts.  Rifampitin- 
resistant  strains  of  these  bacteria  were  maintained  on  tryptlcase  soy  agar  (Oifco) 
containing  0.1  g/L  of  rifampicin  (TSA-riO  (Sigma  Chemical  Corp.,  St.  Lours,  MO). 
The  procedures  for  producing  these  rifamplcin-resistanl  strains  have  been 
previously  described  (Wei  el  al„  1895).  For  growth  curve  evaluation,  one  fresh 
colony  (24hr)  colony  was  inoculated  into  5ml  of  TSB.  The  tube  was  placed  on  a 
rotary  shaker  (Red  Rotor,  Hoefer  SelantlTie,  San  Frandsco,  CA)  with  the  cap 
slightly  open  and  Incubated  at  36°C  for  IS  hours.  This  resulted  in  a suspension 
of  approximately  10*  cslls/ml.  One  hundred  (100)  microliters  of  the  suspension 
were  inoculated  Into  test  tubes  containing  5ml  of  TSB.  The  lubes  were  then 
rpm  with  the  cap  slightly  open  in  a 36°C  incubator. 


subjected  to  shaking  at  30 1 


Each  strain  was  grown  In  tripllcals.  and  pealed  In  duplicate  at  each  time  point. 
For  all  disinfection  expenments.  Pactarla  were  prepared  from  static  overnight 
cultures  grown  at  3E°CinTSB.  For  persistence  studies,  the  overnight 
suspehsions  were  washed  once  in  sterile  saline  (0.6S%)  to  remove  ary 
remaining  nutrients  and  cell  debris  and  standardized  toiO'  colony  forming  unit 
per  ml  (CFU  /ml)  in  stenle  deionized  water. 

Bacfehppfiage  and  po//o  vf/vs.  Bacteriophage  and  thair  respective  hosts 
were  as  follows:  MS2  (ATCC  1 S597-B1  ] and  Bscfierichia  coll  C-3000  (ATCC 
15597);  Phi  X-174  (ATCC  13706-B1)  and  Esctteiichm  coll  (ATCC  13607);  and 
PRD-1  and  Salmonella  typhimurium  (ATCC  19585).  Pollowrus  was  proliferated 
and  assayed  as  plaque  forming  units  (PFU)  on  Buffalo  Green  Monkey  Kidney 
(BGM)  cells. 


PrapamOon  of  inocu/afrOn  meaium.  Raw  sewags  was  obtained  from  the 
University  of  Florida  Water  Treatment  Facility.  Gainesville.  Florida.  Sewage  was 
prelillared  with  a 5.0-Mm  porosity  filter  (Millipore  GS,  Millipore  Corp.,  Bedford. 
MA)  and  then  filtered  vrith  a 0.2-pm  porosity  Alter  (Millipore  GS)  which  was  pre- 
washed with  20ml  of  de-ionized  water  before  use.  Viral  and  bacterial  cultures 
were  diluted  In  sterile  deionized  water  or  sewage  water  to  produce  an  InitisI  titer 
of  at  least  10' CFU  or  PFU  per  milliliter.  For  persistence  studies,  bacterial  cells, 
which  had  been  washed  shd  suspended  as  previously  described,  were  ubiized. 
The  temperature  of  the  Inoculation  solution  was  maintained  at  least  15“C  higher 


tnan  Uie  internal  temperaljres  of  allUie  produce  Items  Inoculated  to  reduce  the 
pdetttlal  Intemallzab'on  oftfie  solution  (Bartz  and  Showalter,  19S1). 

Strswbany  praparalion  and  Inoculation.  Strawberrtes  were  obtained  from 
a local  grocery  store  In  Salnesvllle.  Florida  on  the  day  of  the  experiment 
(Appendix  1).  Berries  weighing  between  25-30g  with  no  visible  signs  of  surface 
treuma  or  tissue  damage  were  selected  and  the  leaves  and  stems  removed.  The 
strawberries  were  batch  Inoculated  by  immersion  In  2L  of  deionized  water  (or 
fltered  sewage)  containrng  approximately  10'  PFU/ml  orCFU/mlofthe  bacterial 
or  viral  species  for  two  minutes,  with  constant  agitation.  The  fruit  was  then 
removed  from  the  inoculum,  and  allowed  to  dry  at  25°Cfor  approxlrriately  3 hours 
in  a class  III  biological  safety  cabineL 

Tomalo  inoculalion.  Mature  tomatoes  (<24  hours  after  harvest)  were 
obtained  from  a local  farmer’s  market  in  Gainesville,  Florida  on  the  day  of 
esperimentation  (Apperidix  1],  Non-ripe  representative  tomatoes  (pinks  to  green) 
were  obtained  from  a local  grower  for  extended  persistence  triels.  Waxed 
tomatoes  were  obtained  from  a local  grocery  store  on  the  day  of  the  experiment. 
The  stem  scars  (1.0-1. 5 cm^),  intact  surfaces  (0.7-1.0  cm*),  and  pinpricked 
surfaces  (0.7-1 .0  cm*)  were  selected  and  marked  for  inoculation  by 
cirdumscrihing  the  selected  area  wKh  a permanent  marker.  Pin  pricked  surfaces 
were  prepared  by  piercing  with  a sterile  2S-gauge  needle  to  a depth  of 
approximately  3mm.  Twenty-five  microliters  of  Inoculum  suspension  (deionized 


water  or  sewage  carrier]  was  placed  on  Intact  surfaces,  stem  scars,  and  pin 
pricked  surfaces.  The  inoculated  tomatoes  were  alr-dried  at  25°C  for 
approximately  3 Hours  In  a class  III  biological  safety  cabinet. 

Lettuce preoaralion  aniinoculellon.  Tbe  entire  heads  (except  Inedible 
base)  of  romelne  lettuce  were  processed  Into  segments  resembling  a typical 
salad  siza  serving  portkm  (Appendix  1 ).  The  outer  approximate  two  thirds  of  &ts 

categoiized  into  midriband  leaf  tp  portions.  The  midrib  portions  were 
approximately  3 x 6cm  and  were  taken  from  the  centermost  portion  of  the  leaf 
which  Included  the  main  velnoftha  leaf.  The  remaining  leaf  portions  were 
further  cut  Into  approximately  6 X 6cm  portions.  The  Interior  one  third  of  the  head 
of  the  lettuce  was  categorized  as  the  heart,  and  was  cut  Into  3 x 6cm  portions. 
The  lettuce  portions  were  segregated  by  category  for  localization  studies. 
Samples  to  be  subjected  to  treatments  and  persistence  studies  were  prepared  as 
above,  but  entire  heads  of  lettuce  were  processed  and  mixed  together.  All 
samples  were  Inoculated  by  placing  lOOg  of  processed  lettuce  Into  sterile 
stomacher  bags  (360  x 508cm  Seward  Sclentlfc,  United  Kingdom).  Each  tOOgm 
sample  had  3.0ml  of  the  inoculum  cocktail  sprinkled  across  the  lettuce.  The  bag 
was  folded  and  shaken  todislrlbule  the  Inoculum.  The  Inoculated  samples  were 
then  held  at  4°C  overnight  (at  least  f8  hours)  to  allow  complete  attachment  of  the 
challenge  organisms  (Takeuchi  and  Frarrk,  2000). 


Cantaloupe  prapaialkin  and  Inoculation.  Cantaloupes  were  obtalnefl  from 
a local  grocery  store  In  Gainesville,  Florida  on  the  day  of  the  experiment 
(Appendix  1).  For  the  localization  studies,  Inocula  of  the  various  bacteria  and 
viruses  were  added  to  a 2L  beaker  of  deionized  water  to  achieve  a concentration 
of  10'  PFU  or  CFU/ml.  The  melons  were  Immersed  In  the  seeded  water  for  two 
minutes  with  conslahl  manual  agilalron.  The  fruit  was  then  removed  from  the 
inoajlum,and  allowed  to  dry  at  2S°C  In  a laminar  flow  hood  for  approximately  fS 
hours.  For  disinfection  and  persistence  trials.  1 ,5cm^  areas  were  marked  on  the 
surfaces  of  the  melons  with  a permanent  marker.  Including  blossom  scars  and 
surface  soars.  Fifty  microirters  of  inoculum  suspension  were  placed  on  the 
marked  area,  and  dned  approximately  18  hours  pnor  to  treatment  or  processing. 

Micmorganism  elution  from  strawberries,  tomatoes,  and  canfafoupe.  The 
method  of  Lukasik  el  al.  (2000)  was  utilized  to  elute  the  challenge  organisms 
from  strawberries,  tomatoes  and  cantaloupe.  At  each  sampling  point  or  after 
treatments,  individual  strawberries  were  pieced  In  sterile  2S0ml  sample  bags 
containing  30ml  phosphale^ruflered  saline  (PBS)  with  0.1%  (w/v)  Tween  80 
elution  buffer  (PBS-Tween),  pH  7.4.  Inoculated  sample  regions  (Intacf  surface, 
stem  scare,  or  pin  pricked  surface)  of  each  sample  tomato  were  removed  with  an 
ethanol-sanitized  scalpel  and  placed  in  sterile  centrifuge  tubes  containing  5.0ml 
PBS-Tween.  Inoculated  sample  regions  of  cantaloupes  were  also  excised  with 
an  ethanol-sanitized  scalpel  and  placed  In  sterile  centrifuge  lubes  containing 


7.0ml  of  PBS-Twe«n.  The  samples  were  then  subjected  to  rotary  shaking  at  EO 
rpm(Red  Rotor.  HoeferSclenhEc,  San  Francisco,  CA)  for  2S  minutes  at  36°C. 

Lettuce  elution  methocf  evetuetion.  Two  physical  elution  methods  were 
evaluated;  homogenization  on  high  setting  for  two  minutes  using  a stomacher 
(Seward  Sciertthic],  or  rotary  shaking  at  60  rpm  [Red  Rotor,  HoeferSciendfic)  for 
25  minutes  at  36°C.  Twenty  (20)  grams  of  inoculated  midrib  or  leaf  tip  portons 
were  pieced  into  sterile  2S0ml  sample  bags.  Eighty  (30)  milliliters  of  PBS-Tween 
were  added  to  each  sample  bag.  Five  samples  from  each  category  were 
subjected  to  the  differing  elution  melhcids.  The  trials  were  repeated  twice  and 
the  resulting  means  of  recovered  organisms  combined. 

Virel  errumerah'on.  The  bactedophages  In  this  study  were  enumerated  as 
PFUfml  using  mid  log  cultures  of  their  respective  hosts  and  a soft  agar  overlay 
technique  (Snustad  and  Dean,  1971).  Poliovirus  was  assayed  on  BGM  cells 
utilizing  the  agar  overlay  methrod  reported  by  Smith  and  Gerba  (1982). 

Bacterial  enumeration.  The  S.  Montevideo  and  E co/r  0157:H7  eluted 
from  the  samples  were  enumerated  by  spread  plating  samples  on  TSA-hf 
supplemented  with  0.8  g/L  of  ferric  ammonium  cllrate  (Sigma  Chemical  Corp) 
and  6.8  g/L  of  sodium  thiosulfate  (Sigma  Chemical  Corp.)  (TSA-rIf 
w/supplements).  The  addition  of  the  antibiotic  rifamplcin  reduces  the  background 
microflora  of  the  samples,  while  the  sodium  thiosulfate  and  ferric  ammonium 


citrate  allows  the  baclenel  colonies  to  be  distinguished  from  each  other  (Lukasik 
et  al..  2000).  The  plates  were  inverted  and  incubated  at  35-37°C  and  counted 
within  24  hours. 

Chemical  and  non-chemical  Irealmenls.  Chlorine  solutiorrs  were  prepared 
immediately  prior  to  application  using  household  bleach  (5.2S%  sodium 
hypochlorite,  Cloitn  Co.,  Oakland,  CA.)  and  concentrations  were  monitored  with 
a HACH  Free  Chlorine  Kit  (HACH  Co.,  Loveland  CO).  The  free  chlorine  levels  In 
the  test  soluhons  evaluated  include  SO,  100, 200,  and  300ppm.  The  chlorine  test 
solutions  were  edlustsd  to  a final  pH  of  7.3  by  the  addition  of  0.1  molar 
hydrochloric  acid  prior  to  the  treatment  of  strawberries,  tomatoes  and  cantaloupe. 
Lettuce  samples  were  challenged  with  chlorine  solutions  adjusted  to  pH  7.3  and 
with  unadjusted  pH  levels.  The  effectiveness  of  the  commerciel  stabilized 
chlorine  dlozide  compound  Camebon  200^  (International  Dioxide  Inc.,  Clark  NJ.) 
was  also  eveluated.  The  product  was  prepared  accordirtg  to  label  Instnjchons 
and  applied  al  lOOppm,  and  monitored  using  a BCI  Test  Kit  (Siocide 
International,  Norman  OK).  Tap  water  (D.03ppm  free  chlorine,  pH  8.5)  was  also 
Included  as  a treatment  for  strawberries,  tomatoes,  and  cantaloupe.  Tap  water 
treatment  served  as  a control  for  lettuce  samj^es.  All  treatment  solutions  were 
prepared  and  applied  at  43*C  and  all  exposures  to  treatment  solutions  were  for  2 
minutes  with  constant  agitation.  Treatments  were  administered  by  placing  5 of 
the  inoculated  tomatoes  or  strawberries  into  2L  of  treatment  solution.  Lettuce 
treatments  were  conducted  by  placing  lOOgtns  of  the  inoculated  sample  Into  2L 


of  treatment  solufions.  Treatments  were  applied  to  individual  melors  by 
immersion  into  2L  of  treatment  solution.  Attertwo  minutes  of  exposure  to 
treatment  solutions,  the  produce  samples  were  removed  and  placed  Into  2L  of 
neutralizing  soluGon  (deionized  water  containing  0.0S%  (w/v)  sodium  thiosulMe) 
for  45  seconds,  then  removed  and  allow  to  drip  dry  briefly.  The  treated  samples 
were  then  prooessed  and  eluted  as  desoribed  above. 

Persistence  of  challenge  organisms.  Produce  samples  were  prepared 
and  Inoculated  utilizing  either  a deionized  water  or  fltered  wastewater  oarrier  and 
stored  at  4, 10or2S°C.  At  predetermined  lime  intervals,  samples  from  each 
category  were  eluted,  enumerated,  and  the  data  plotted  as  CPU  or  PFUIml 
recovered  over  time. 

SIsfIsbcal  analysis.  Eluted  populations  of  the  challenge  organisms  were 
subjected  to  Student's  paired  t-test  and  analysis  of  variance  to  determine 
signiflcant  differences  (p  < 0.05)  between  controls  and  treatments  and  between 
treatments.  Pour  samples  from  each  treatment  category  were  eluted,  the  trials 
repeated  twice  and  resulting  means  for  number  of  organisms  combined  and 
reported.  Persistence  data  presented  Is  a combined  logic  means  of  two  replicate 
trials:  each  was  composed  of  4 samples  at  each  time  point.  All  samples  were 
plated  In  duplicate. 


CHAPTER  IV. 

RESULTS 

The  abjeclives  of  this  sludy  irduded  the  evaloation  of  the  effectiveness  of 
chemical  and  non-chemical  disinfection  treatments  on  challenge  organisms 
applied  to  the  sjrfaces  of  strawberries,  tomatoes,  fresh-cut  lettuce,  artd 
cantaloupe.  The  persistence  of  the  challenge  bacteria  and  viruses  was  also 
explored  on  these  products  under  various  storage  conditions.  In  addition, 
strains  ofE.  coli  0157:H7an3  Salmonella  Spp.  were  evaluated  as  challenge 
organisms  using  growth  curves  and  attachment  responses  as  ciileria.  Elution 
techniques  were  evaluated  for  the  processing  of  inoculated  lettuce  samples. 
Localization  preferences  of  the  challenge  bacteria  w^en  applied  to  lettuce  and 
cantaloupes  were  also  examined.  These  fndings  will  be  presented  by  produce 
type  in  this  chapter. 

STRAWBERRIES 

Disinfection  freafmenfs.  The  reduction  of  the  challenge  bacteria  and 
viruses  are  presented  In  Table  1.  All  treatments,  including  tap  water, 
demonstrated  significant  reduction  in  the  challenge  organisms  when  compared  to 
the  control.  Controls  were  inoculated  samples  that  were  not  subjected  to 
treatments.  No  significantly  different  reductions  in  any  of  the  test  organisms 
were  observed  between  treatments  with  50  and  1 0Oppm  chlorine  solutions.  Both 


baciBria  strains  were  reduced  in  greater  numbers  by  the  200bpm  chlorine 
solution  than  by  the  300ppm  solution.  The  stabilized  chlonne  dioxide  product 
demonstrated  the  highest  reductions  in  S.  Montevideo  populations,  wm  a 2.20 
logio  reduction.  Tap  water  was  the  least  effective  of  the  treatments  examined  on 
removing  the  seeded  bacteria.  Tap  water  did  remove  a substantial  portion  of  the 
viral  population,  with  2.11. 1.19.  and  1.03  logio  reductions  obtained  for  Phi-X, 
MS2,  and  polio  vinjses,  respectively.  Two-hundred  (200)  ppm  chlorine  provided 
the  highest  reductions  to  all  the  challenge  organisms  of  all  the  treatments 


evaluated,  with  the  exception  of  S.  Montevideo. 


Taste  1.  Recoveiyof  Inoculated  challenge  organisms  from  strawbeiTies 
in  response  to  chemical  and  non-chemical  treatments 


E coll 
0157:H7 

S. 

PRD-1  j Phi-X 

MS2 

PV-1 

Control 

e.M'a 

6.06  a 

5.57  a 1 6.31  a 

5.30  a 

4.11  a 

Chionna 

SOoom" 

4.6S  b,c 
(1.46) 

4.74  b.d 

3.51b,d  1 4,45  b 
(2.061  1(1.861 

3 13b.d 
(2.17) 

2.45b.d 

Chlonne 

4,70  c 
(1.39) 

(1.42) 

S.eSb.d 

(1.92) 

4.38  b 
(1.93) 

3.96  d 
(1.70) 

5.76K,e 

(1.41) 

Chlonne 

4.13d 

4.03  c 
(2.05) 

2.77  d 
(2.60) 

149  c 

2.72b,d 

<1.0”d 

300oom 

4.45  b.d 
(1.S4) 

4.33  c 
(1.75) 

2.9Sb.d 

(2.62) 

15i  0 

2.79  b 

2.00d.e 

Tap  water 

5.39  e 

4.80  b.d 
(1.28) 

4.71  b 
(.861 

4,69  c 

Camebon 

200* 

nooppmi 

4.36  c 
(1.73) 

3.88  b.d 
(2.20) 

(1.55) 

(1.68) 

519e 

(2-95) 

3.11  b 
(100) 

'Values  are  presented  as  logis  units  with  logic  reduction  in  parenlheses.  Values 
in  the  same  column  with  the  same  letters  are  not  significantly  different  (p<0.05) 

"Strawberries  were  immersed  in  deionized  water  containing  approximately  10' 
challenge  organisms,  and  air-dried  for  3 hours  pitorto  treatment.  Control 
consists  of  4 Inoculated  strawberhes  eluted  after  3 hours  with  no  treatment 
applied.  Data  presented  represents  replicate  trials  consisbng  of  4 strawberries 
subjected  to  each  treatment,  with  the  means  of  recovered  organisms  combined. 


Persislence  of  challenge  organisms.  The  persistence  of  bacteria  and 
viruses  Inoculated  onto  strawberries  via  a deionized  water  earner  and  stored  at 
4°C  are  presented  In  Figures  1 and  2,  Bolh  bactena  demonstrated  greater  than 
a two-  logic  reducton  over  the  course  of  the  study  (Rgure  1).  As  seen  in  Figure 
2,  vinjses  persisted  well  on  the  strawberries  throughout  the  study,  and 
maintained  relatvely  high'concentration  post-iiwculation.  Challenge  organisms 
Inoculated  onto  strawberries  via  a filtered  sewage  medium  are  presented  in 


Figures  2 and  3.  The  S.  Montevideo  populations  were  reduced  greeter  than  two 
logio  units  by  the  9”  day,  whereas  E co/;0157:H7  was  only  reduced 
approximately  one  logm.  The  viruses  inoculated  via  the  sewage  medium  did  rot 
survive  as  well,  and  were  reduced  approximately  3 logio.  Recoverable  numbers 
were  obtained  for  all  challenge  organisms  after  9 days  of  storage  at  4°C. 


E.oon  0157:1- 


strawbemss  inoculated  wilb  a deionized  water 


■Strawbeirias  were  immersed  in  deionized  water  containing  aoproximateiy  10' 
cnallenge  bacteria  in  a deionized  water  carrier,  and  air-dried  for  3 hours  prior  to 
initial  sample  processing  and  storage  at  4°C.  Data  presented  represents 
replicate  trials  consisting  of  4 strawberries  eluted  at  each  Vme  pc»nt,  with  the 
means  of  recovered  organisms  combined. 


-•-PRD-1  W^MS2 
BVitomss  inoculated  with  a deionized  water 


•Strawberries  were  immersed  In  deionized  water  containing  approximately  10’ 
challenge  viruses,  and  air-dried  for  3 hours  prior  to  initial  sample  processing  and 
storage  at  4°C.  Data  presentsd  represents  replicate  trials  consisting  of  4 
strawberries  eluted  at  each  time  point  with  the  means  of  recovered  organisms 
combined. 


Days 

coli0157:H7  ^^S.Monteviflao 

Figure  3.  Bacteria  persistence  on  strawberries  Inoculated  with  a sewage  carrier 

'Strawberries  were  immersed  in  filtered  sewage  contairilng  approximately  10' 
criallenge  bacteria,  and  air-dried  for  3 hours  prior  to  initiel  sample  processing  and 
storage  at  4°C.  Data  presented  represents  replicate  trials  consisting  of  4 
strawbarries  eluted  at  each  Ume  point,  with  trie  means  of  recovered  organisms 
combined. 


Daya 


-•-PRD-1  -■-MS2 

Flgjre  4.  Viral  persistence  on  strawberries  inocuialed  with  a sewaga  carrier 

•Strawberries  ware  immersed  in  filtered  sewage  containing  approximateiy  10' 
chaiienge  viruses  in  a deionized  water  carrier,  and  air-dried  for  3 hours  prior  to 
initiai  sampie  processing  and  storage  at  4°C.  Data  presented  represents 
replicate  trials  consisting  of  4 strawberries  eluted  at  each  time  point,  with  the 
means  of  recovered  orgarrisms  combined. 


TOMATOES 

Srowtn  cuives.  Prior  to  sttectiment  studies  of  the  challerge  organisms, 
the  growth  patterrs  ofh^e  bactera  were  determined.  RgureS  presents  the 
results  of  an  18-hour  growth  study  of  the  five  strains  of  £.  coll0157:H7 
examined.  The  strains  all  grew  at  a similar  rate,  although  a spike  In  the  curve 
was  observed  at  hour  9.  There  was  no  significant  difference  In  any  of  the 
populations  found  alhour  S or  any  of  the  time  points  (pO.OS).  A similar  growth 
curve  was  produced  fOr  the  Salmonella  Spp.  examined  as  presented  In  Figure  6. 
The  Salmonefla  strains  examined  demonstrated  no  significant  differences  in 
mean  populations  at  any  time  point,  although  a slight  spike  in  the  growth  curve 
occurred  at  hour  1 5. 


TiFre(hajisr 

— • — FnK*24  KaspEr1404 

• >*  'ATCCltOiaSBI  -«  •A1tX43888 
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Figure  5.  Eighteen-ftour  growth  curve  for  £.  coll  0157:H7  strains 

• One  hundred  (lOO)mlcrolltersot  IShourTSB  cullures  of  the  respective  strains 
were  inoculated  Into  5ml  ofTSB  and  incubated  at  36°Cona  rotary  shaker  for  1S 
hours.  Each  strain  was  grown  In  tr'pllcate,  and  at  each  lime  point  samples  were 
spread  plated  on  TSA-rlf  in  dupileale.  The  mean  populations  of  the  respective 
strains  were  combined  and  plotted  over  time.  No  signifcani  difference  between 
mean  populations  of  strains  were  found  between  strains  at  any  time  point 
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FIgjre  6.  Eighteen  hour  growth  curves  fat  Salmonella  strains 

' One  hundred  (100)  microliters  of  IB  hourTSB  cultures  of  the  respective  strains 
were  inoculated  into  5ml  of  TSB  and  incubated  at  36°C  on  a rotary  shaker  for  1 8 
hours.  Each  strain  was  grown  in  triplicate,  and  at  each  time  point  samples  were 
spread  plated  onTSA-rifin  duplicate.  The  mean  populations  of  the  respective 
strains  were  combined  and  plotted  over  bme.  No  significant  difference  between 
mean  populations  of  strains  were  found  between  the  strains  at  any  time  point 


Atlactimenl  anil  recovery.  The  inoculm  cancenlralion  and  populations 
recovefed  (or  the  five  strains  of  E coli  01S7:H7  examined  reported  as  CFU/ml 
recovered  from  the  tomato  stem  scars  are  presented  In  Table  2.  The  percent 
redjcbon  of  the  initial  populations  ranged  from  99.1%  to  99.7%,  with  no 
signfficanl  differences  between  the  recovered  populations.  Table  3 presents  the 
Salmonella  Spp.  examined  for  attachment  performance  traits.  The  Salmonella 
Spp.  were  reduced  in  similar  amounts  after  drying,  ranging  from  99.6  to  99.8% 
reductions  obtained  from  inoculation  to  recovery. 


Table  2.  Inoculation  and  recovery  of  E eo/iOf57;H7  strains  on  tomato  stem 
scar  surfaces 


Tomato  stem  scars  were  inoculated  with  deionized  water  containing 
approximately  10^  of  each  of  the  E.  coll  0157:H7  strains  evaluated,  and  air-dried 
for  3 hours  prior  to  elution.  Data  presented  represents  replicate  trials  consisting 
of  4 tomatoes  inoculated  with  an  individual  strain,  with  the  mearts  of  recovered 
bacteria  combined. 


Table  3.  Inoculation  and  recovery  of  Salmonella  strains  on  tomato  stem  scar 
surfaces 


'Tomato  stem  scars  were  Inoculated  with  deionized  water  containing 
approximately  1 0'  of  each  of  the  Salmonella  Spp.  evaluated,  and  air-dried  for  3 
hours  prior  to  elution.  Data  presented  represents  replicate  thels  consisting  of  4 
tomatoes  inoculated  vnth  an  individual  strain,  with  the  means  of  recovered 
bacteria  combined. 

"No  significaitt  difference  was  oblained  between  recovered  populations  of 


DisInleclionlrBBlmenisDfsIemscera.  Both  E.  coll  Of57;H7  and  S. 
Montevideo  populations  subjected  to  immersion  In  50ppm  chlodne  solutions 
(43°C)  were  not  recovered  in  amounts  significantly  different  from  the  cohtrols 
(Table  4).  Controls  were  inoculated  samples  that  were  not  subjected  to 
treatments.  Tap  water  treatments  did  reduce  £.  coll  01S7:H7  population 
significantly,  but  not  the  S.  Montevideo  populations.  The  responses  by  the  £ eoB 
Of57.'ff7  to  treatments  with  SO.  100,  and  300ppm  chlorine  were  similar  to  each 
other,  with  less  than  a 1 logio  reductlonfbr  any  ofttiese  treatments.  A 1.94logio 
reduction  in  the  £ coll  Of  57.H7  population  was  observed  for  the  200ppm 
solution  and  the  ohiohne  dioxide  product  produced  a .93  logio  reduction.  S. 
Montevideo  populations  were  reduced  the  greatest  by  200ppm  chlorine  (2.10 
logio).  The  phage  PRD-I  was  only  reduced  1.22  logic  CFU/ml  by  200ppm 
chlorine,  the  highest  reduction  demonstrated  by  any  of  the  treatments  evaluated. 


Trealmerls  wHh  SOOppm  Chlorine  produced  the  greatest  amount  of  reduction  In 
Phi-X  populations  (1.86  logm),  but  this  treatment  was  nolsignificartly  different 
than  100  and  200ppm.  All  the  treatments  applied  to  the  MS2  challenge 

the  exception  of  50ppm  chlorine. 


Tamalo  $lem  sears  were  irKSCulated  with  deionized  water  containing 
approximately  10’  of  challenge  organisms,  and  alr-dried  for  3 hours  prior  to 
treatment  or  elution.  Controls  were  inoculated  samples  ^uted  whtt  no  treatment 
application.  Treatment  was  applied  by  Immersing  the  Inoculated  tomatoes  in  the 
treatment  solution  for  two  minutes,  followed  by  Immersion  in  a neutralizing 
solution  prior  to  elution.  All  treatment  solutions  were  applied  at  43°C.  The  pH  of 
chlorine  solutions  evaluated  were  all  7.3.  Data  presented  represents  replicate 
trials  consisting  of  4 tomatoes  subjected  to  each  treatment,  with  the  means  of 
recovered  bactena  combined.  Values  are  presented  as  logic  CFU  or  PFU/ml  with 
logic  reduction  In  parentheses. 


"Values  in  the  same  column  with  the  same  letters  are  not  significantly  different 
(p<0.05) 


Penislence  of  c/ia/tenge  organisms  on  slam  scars  inoculated  with  sewage 
carrier  stored  el  4®C.  As  seen  in  FIgjre  7,  both  & coll  0157:H7  and  S. 
Montevideo  populations  declined  more  than  2 losio  units  after  three  days.  E cott 
07S7.H7  populations  declined  an  additional  tog,o  unit  by  day  16,  but  the  S. 
Montevideo  populations  remained  stationary.  Figure  8 represents  the 
persistence  of  the  challenge  vimses.  with  recoverable  concentrations  obtained 
after  16  days.  The  PRD-1  arid  MS2  phages  each  declined  approximately  3 logic 
units  overthe  course  of  the  study,  while  the  polio  vinrs  declined  approsimatety  2 
logic  units  after  16  days. 

Persistence  ofchellenge  organisms  on  stem  scars  inoculated  with  sewage 
carrier  stored  el  2S°C.  The  bacteria  populations  dropped  approximately  9 logic 
units  one  day  alter  inoculation  [Figure  9).  Eight  days  post  Inoculation,  both 
bacteria  had  increased  2 logic  units  but  the  papulations  declined  to  below 
detectable  limits  (<1  logic)  by  day  16.  The  MS2  and  PRD-1  phages  each 
dedlned  at  leasts  logic  units  one  day  after  inoculation,  but  were  both  recovered 
after  16  days  (Figure  10).  Polio  vims  populalions  dripped  only  slightly  over  1 
logic  unit  after  one  day  of  storage,  but  were  below  detectable  limits  at  day  16. 

Persistence  of  cnaljenga  organisms  on  slam  scars  inoculated  with 
deionized  water  earner  stored  at  4°C.  The  bacteria  challenge  organisms  both 
declined  more  than  2 logic  units  one  day  after  Inoculat 


Itlon  (Figure  11).  At  day  13, 


the£  caff  Of57:H7  populations  had  increased  1 togu  unit  from  the  levels 


measured  at  day  one,  whereas  S.  Montevideo  populations  were  Delow 
detectable  limits.  PRD-1  remained  relalively  stable  over  the  13  day  storage, 
declining  In  population  Just  over  1 logm  unit  from  day  1 (Figure  12),  MS2 
declined  at  least  4 logig  units  over  the  course  of  the  study. 

Pers'slence  of  challenge  organisms  on  stem  scsrs  Inoculeled  with 
deionized  water  carrier  stored  at  2SV.  As  seen  in  Figure  13,  both  S.  Montevideo 
and  £,  coll  OtS7:H7  populations  declined  approximately  4 logic  units  by  day  6. 
but  were  delected  on  samples  processed  1 3 days  post-inoculation.  Viral 
challenge  organisms  Inoculated  with  a water  carrier  declined  below  detectable 
limits  by  day  13  (Figure  14).  All  three  viruses  were  present  at  detectable  llmmat 
day  S.  and  PRD1  was  detected  until  day  9. 

Pers/sfence  of  bacteria  on  stem  scars  of  waned  and  un-waxed  tomatoes 
inoculated  with  deionized  water  carrier  stared  at  f 0°C.  Figure  1 5 presente 
persistence  data  for  S.  Montevideo  and  £.  coll  OfS7;H7onthe  stem  scars  o1 
waxed  and  un-waxed  tomatoes.  Populations  of  both  challenge  organisms 
persisted  on  both  waxed  and  un-waxed  stem  scars  21  days  post  inoculation 
when  held  at  10“C.  S.  Montevideo  levels  actually  increased  on  both  waxed  and 
un-waxed  tomatoes,  while  the  E coff  OfS7;M7  decreased  over  the  course  of  the 
shjdy.  This  increase  In  population  may  possibly  be  attributed  to  the  vegetable  <»1 


jrfaceafthe  lomatoes,  whlc^  the  S.  Morlevlijeo 


populations  may  be  able  to  utilize  as  a source  of  nutrients. 


Persistence  of  bacteria  on  puriofure  wounds  of  waned  and  un-waxad 
lomaloes  inocuialed  with  deionized  water  carrier  stored  at  1CTC.  1716  S. 
Montevideo  populahons  applied  to  puncture  wounds  of  both  waxed  and  urv 
waxed  tomatoes  increasedover  the  21  day  study  (Figure  16).  £ coii  0157.H7 
declined  on  both  tomato  types  but  vras  recovered  21  days  post  inoculation.  The 
Increase  In  the  standard  deviation  of  the  sample  populations  (error  bars)  are  the 
result  of  the  influence  of  soma  samples  containing  high  recoverable  numbers  of 
challenge  organisms  while  other  samples  were  below  the  detectable  limits  of  10 
CFU/ml. 


Persistence  of  bacteria  on  intact  surfaces  of  waned  and  un-tvaxedi 
tomatoes  inocuialed  with  deionized  water  carrier  stored  at  10°C.  Challenge 
organism  populations  declined  below  Oetectable  limits  7 days  post-inoculation  on 
waxed  and  unwaxed  surfaces  as  seen  In  Figure  17.  hlowever,  Oetectable 
amounts  of  5.  Montevideo  and  £.  coii  Ot57:H7  were  recovered  at  day  21  from 
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Rsure  B.  Viral  persistence  or  tomato  stem  scars  inoculated  wHh  sewage  c. 

'Tomato  stem  scars  were  inoculated  with  filtered  sewage  containing 
approximately  10’  of  challenge  viruses  and  air-dried  for  3 hours  prior  to  inid 
sampling  and  storage  at  4’’C.  Data  presented  represents  replicate  trials 
consisting  of  4 tomatoes  sampled  at  each  Bme  point,  with  the  means  of 


Figure  9.  Bacteria  persistence  on  tomato  stem  scars  inoculated  wHO  sewage 
carrier  and  stored  at  2S°C 


Tomato  stem  scars  were  inoculated  with  filtered  sewage  containing 
approximately  10'  of  challenge  bacteria  and  air-dried  for  3 hours  prior  to  Initial 
sampling  and  storage  at  25°C.  Data  presented  represents  replicate  trials 
consisting  of  4 tomatoes  sampled  at  each  time  point,  with  the  means  of 
recovered  bacteria  combined. 
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Figure  10.  Viral  persistence  an  tomato  stem  scars  Inoailated  with  sewage 


Tomato  stem  scars  were  Inoculated  with  filtered  sewage  containing 
approximately  10'  of  challenge  druses  and  air-dried  for  3 hours  phor  to  initial 
sampling  and  storage  at  25°C.  Data  presented  represents  replicate  trials 
consisting  of  4 tomatoes  sampled  at  each  lime  point,  with  the  means  of 
recovered  viruses  combined. 


Figure  11.  Bacteria  persistence  on  tomato  stem  scars  Inoculated  with  deionized 

Tomato  stem  scars  were  Inoculated  with  deionized  water  containing 
approximately  10’  of  challenge  bacteria  and  air-dried  for  3 hours  priorto  initial 
sampling  and  storage  at  4°C.  Data  presented  represents  replicate  trials 
consisting  of  4 tomatoes  sampled  at  each  tme  point,  with  the  means  of 
recovered  bacteria  combined. 


Figure  12.  Viral  persistence  on  tomato  stem  scars  Inoculated  with  deionized 
water  carrier  and  stored  at  4°C 

'Tomato  stem  scars  were  inoculated  with  deionized  water  containing 
approximat^y  1 0' of  challenge  viruses  and  alr-dned  for  3 hours  prior  to  initial 
sampling  and  storage  at  4°C.  Data  presented  represents  replicate  trials 
consisting  of  4 tomatoes  sampled  at  each  time  point,  with  the  means  of 
recovered  vinises  combined. 
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Figure  13.  Bacteria  persistence  on  tomato  stem  scars  inocuiated  witli  deionized 


Tomato  stem  scars  were  inocuiated  with  deionized  water  containing 
ai^roximalety  10’  of  challenge  bacteria  and  alr-dhed  for  3 hours  prior  to  initial 
sampling  and  storage  at  25°C.  Data  presented  represents  replicate  trials 
consisting  of  4 tomatoes  sampled  at  each  time  point,  with  the  means  of 
recovered  bacteria  combined. 
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Figure  14.  Viral  persistence  on  tomato  stem  scars  Inoculated  with  deionized 
water  carrier  and  stored  al2S°C 

'Tomato  stem  scars  were  Imculated  with  deionized  water  containing 
approximately  10’ of  challenge  viruses  and  alr-dred  for  3 hours  prior  to  initial 
sampling  and  storage  at  25'’C.  Data  presented  represents  replicate  trials 
consisting  of  4 tomatoes  sampled  at  each  time  point,  with  the  means  of 
recovered  viruses  combined. 


■S.Montevtdeo-waxed 
■S.Montevldeo  - unwaied 


Figure  15.  Bacteria  persistence  on  stem  scars  of  waxed  and  un-waxed  tomatoes 
stored  at10"C 

■Tomato  stem  scars  of  waxed  and  un-waxed  tomatoes  were  Inocufaled  with 
deionized  water  oontaining  approximatety  10^  of  ohaiienge  bacteria  and  air-dried 
for  3 hours  prior  to  initial  sampiing  and  storage  at  KTC.  data  presented 
represents  replicate  trials  consisting  of  4 tomatoes  sampled  at  each  time  point 


■E.coli0157:H7-unwai(ed  'S-monteviaeo  - unwaxed 

Figure  16.  Bacteria  persislerce  on  puncture  wounds  applied  to  surfaces  of 
waxed  and  un-waxed  tomatoes  stored  at  10°C 


F(gufB  17.  Bacleria  oefaistence  on  Intaotsurfacss  of  waxed  and  un-waxed 
tomaioas  stored  at  10°C 

'Intact  surfaces  of  waxed  and  un-waxed  tomatoes  were  inoculated  with 
deionized  water  containing  approximately  10'  of  challenge  bacteria  and  air-dried 
for  3 hours  prior  to  initial  sampling  and  storage  at  10"C.  Data  presented 
represents  replicate  trials  consisting  of  1 tomatoes  sampled  at  each  time  point, 
with  the  means  of  recovered  bacteria  combined. 


LETTUCE 

Physical  elution.  Uecharical  methods  to  elute  seeded  bacter'e  end  virus 
from  lettuce  were  compared  (Table  5).  Rotary  shaking  end  stomaching  methods 
released  comparable  amounts  of  £.  col/01S7:H7  bacteria  and  Phi-Xand  MS2 
viruses  from  midrib  regions.  SignlfcanBy  higher  numbers  of  PRD-1  were 
recovered  using  the  stomaching  methods  on  the  midrib  samples  when  compared 
to  the  shaking  method.  Rotary  shaking  resulted  In  significantly  higher  counts  of 
E.  eo«0157;H7  than  did  stomaching  the  leaf  tip  samj^es.  Similar  amounts  of  S. 
Montevideo  were  eluted  using  the  rotary  shaking  method.  There  were  no 
significant  differences  observed  in  papulations  recovered  between  the  shaking 
and  stomaching  methods  for  S,  Montevideo,  PRD-1,  Phi-X,  and  MS2  viruses 
Inoculated  on  the  leaf  tip  samples. 


Localization.  The  recovery  of  seeded  bacteria  and  viruses  from  various 
lettuce  regions,  after  overnight  storage  at  4°C  Is  shown  In  Tables.  The 
bacteriophages  PRD-1  and  Phl-X  were  recovered  in  similar  amounts  from  the 
midrib,  leaf  tip,  and  heart  portions,  Slmllaramounlsof  MS2  were  recovered  from 
midrib  and  leaf  tips,  and  there  were  no  significant  differences  in  amounts 
recovered  between  the  leaftip  and  heart  samples.  Higher  amounts  of  MS2  were, 
however,  recovered  from  the  midrib  areas  of  the  inoculated  lettuce.  Both  E.  coll 
0157:H7  and  S.  Montevideo  were  eluted  in  significantly  lower  quantities  from  the 


I region. 


TabtB  5.  Recovery  of  challenge  organisms  Inoculated  onto  midrib,  leaf  Up  and 
heart  portions  of  romaine  lettuce 


••Values  in  the  same  column  wilh  the  same  letters  are  not  significantly  different 
(p<0.05) 


Table  e.  Recovery  of  challarge  organisms  from  midrib,  teaf-tp  and  heart 
portions  of  romaine  lettuce  following  differing  elution  methods 


Location 

(recovery 

methodi 

E coll 
0157:H7 

S. 

Montevideo 

PRO-1 

Phi-X  174 

MS2 

Inoculum* 

6.8x10*a" 

4.3  X 10*3 

S3xl6'a 

i.iiib'a 

9.2x10”a 

Midnb 

fstomachinqi 

t.3x  10'b 

2.0  X 10'  0 

15x10*b 

5.6x  16^b 

7.8x10*0 

Midrib 

Ishaltlng) 

^.5x  16'  b 

9.8x10''c 

9.2  X 10'c 

3.2x1CPb 

6.9x1U‘b 

Leaf  tip 
(stomach  iml 

'3.2x10'c 

8.4x10”c 

1.0X10“C 

l.a  xlO'c.d 

Ishakina) 

f.1xl6'b 

S.4x16"c 

8.1  x15-'c 

1.7x10Tj,d 

3.7  X 10'  C 

'Lettuce  samples  were  segregated  by  category  and  subdivided  Into  lOOgm 
samples,  which  were  Inoculated  with  3.0mls  of  Inoculum,  and  held  at4°C  18 
hours  prior  to  treatment  Data  presented  represents  replicate  trials  consisting  of 
5 20gm  samples  of  each  category  subjected  to  the  respective  treatments,  with 
the  means  of  recovered  organisms  combined  reported  as  CFU  or  PFU/ml . 

"Values  in  the  same  column  with  the  same  letters  are  not  signIficanUy  different 

(p<0.06) 


Disinfection  trealmenls.  The  logic  reducbon  of  the  challenge  bacteria 
and  vimses  are  presented  In  Table  7,  which  presents  data  collected  from 
samples  treated  with  the  oommarclal  chlorine  dioidde  product  Camebon  200*. 
and  free  chlorine  solutions  prepared  without  adjusting  the  pH.  All  treatments 
demonstrated  signiftoant  reduction  in  the  challenge  organisms  when  compared  to 
the  control.  The  control  was  5 Inoculaled  20gm  samples  which  were  subjected  to 
2 minutes  of43“C  tap  water  treatments,  applied  followed  by  Immersion  In 
neutralizing  solution  priortoelutlon.  Mo 


I difference  in  responses  to  SO  r 


lOOppm  cniome  treatments  were  observed  for  all  baoleria  and  viruses,  with  the 
exception  of  poliovirus.  One  logic  or  greater  reduction  in  the  challenge  bacteria 
was  only  observed  with  300ppm  chlorine  and  the  commercial  chlorine  dioxide 
product  for  5.  Montevideo.  MS2  populations  were  reduced  t.3  log, c with  the 
chlorine  dioxide  product  at  tOOppm.  The  polio  virus  populations  were  reduced  In 
excess  of  one  log  fOr  100,  200,  and  300ppm  chlorine,  but  there  was  no  significant 
difference  In  response  to  treatments  with  SOppm  chlorine  and  lOOppm  chlorine 
dioxide.  Table  S presents  the  comparison  of  free  chlorine  treatments  with  the  pH 
adjusted  to  7.3  or  unadjusted  solutions.  The  unadjusted  solution  concentrations 
and  their  resulting  equilibrated  pH  values  are  as  follows:  SOppm.  8.8;  lOOppm, 
9.2:  200ppm,  9.S:  and  300ppm  9.8.  Polio  virus  did  not  appear  to  react  differently 
to  the  challenge  solutions  with  differing  pH  at  similar  free  chlorine  concentrations, 
through  the  complete  range  of  treatments.  Bacteriopnages  in  general  were 
reduced  in  comparable  amounts  when  treated  with  chlorine  solutions  with 
different  pH  levels.  The  bacterial  pathogens,  however,  demonstrated  a greater 
sensitivity  to  free  chlorine  solutions  with  the  pH  adjusted  to  7.3  at  concentratons 
greater  than  SOppm. 


'Fresh-cut  lettuce  samples  were  divided  into  tOOgm  sampies,  which  were 
inocuiated  with  S.Orrts  of  inocuium  containing  approximateiy  10'  challenge 
organisms,  and  held  at  4"C  18  hours  prior  to  treatment.  Data  presented 
represents  repiioale  triais-eonsisling  of  five  20gm  sampies  subjected  to  the 
respective  treatmenls,  wilh  the  means  of  recovered  organisms  combined.  Control 
was  5 inocuiated  20gm  sampies  which  were  subjected  to  2 minutes  of  43"C  tap 
water  treatments,  applied  followed  by  Immersion  in  neutraiiaing  soiution  prior  to 
elution.  The  chlorine  solutions  were  applied  in  as  obtained  during  formulation 
without  the  addition  of  acid  (unadjusted).  Treatment  was  applied  by  immersing 
the  1 0Ogm  samples  of  inoculated  lettuce  in  the  treatment  solution  for  two 
minutes,  followed  by  immersion  in  a neutralizing  solulion  prfor  to  Fulton.  All 
treatment  solutions  were  applied  at  43^.  The  pH  of  chlorine  solutions  evaluated 
were  not  adjusted  by  the  addition  of  any  acidifying  agents.  Values  are  presented 
as  log, s units  with  logm  reduction  In  parentheses. 


••  Data  presented  as  logioCFUorPFU/ml.  Values  In  the  same  column  with  the 
same  letters  are  not  signrficantly  different  (p<0.05) 


■Fresh-Cjt  leduee  samples  were  divided  into  100gm  samples,  wtircti  were 
inoculated  with  S.OmIsof  inoculum  containing  approximately  10'  challenge 
organisms,  and  held  at4“C  18  hours  prior  to  treatment.  Data  presented 
represents  replicate  trials  consisting  of  live  20gm  samples  subjected  to  the 
respective  treatments,  with  the  means  of  recovered  organisms  combined.  Control 
was  5 inoculated  20gm  samples  which  were  subjected  to  2 minutes  of  43"C  tap 
water  treatments,  followed  by  immersion  In  neutralizing  solution  prior  to  elution. 
The  chlorine  solutions  were  appiied  in  as  obtained  during  (ormulaCon  without  the 
addition  of  acid  (unadjusted)  or  adjusted  by  the  addition  of  hydrochloric  acid  to  a 
final  pH  of  7,3.  Treatment  was  applied  by  immersing  the  lOOgm  samples  of 
inoculated  lettuce  In  the  treatment  solution  for  two  minutes,  followed  by 
immersion  In  a neutralizing  soluUon  phor  to  elution.  All  treatment  soluUons  were 
applied  at  43“C.  The  pH  of  chlonne  solutions  are  indicated. 


Data  presented  as  iogto  CFU  or  PFU/ml.  Values  in  the  same  column  with  the 
same  letters  are  not  significantly  different  (p<0.05) 


Persistence  ofctiellenge  organisms.  The  persistence  of  bscteris  and 
viruses  inoculated  onto  chopped  lettuce  stcred  end  stored  at  4°C  are  presented 
in  Figures  18  and  18.  The  bacteria  demonstrated  a near  two  logio  reduction 
overthe  course  of  the  study  (Figure  18).  As  seen  in  Figure  19.  viruses  persisted 
on  the  lettuce  throughout  the  study,  dropping  approximately  1 logio  reduction 
overthe  course  oflhe  storage  study.  Recoverable  numbers  of  all  challenge 
organisms  were  obtained  after  1 0 days  of  storage  at  4°C. 


Figure  18.  Bacteria  persistence  on  fresh-cut  romaine  lettuce  Inoculated  with 
deionized  water  carrier  and  stored  at  4°C 

Fresh-cut  lettuce  samples  were  divided  Into  tOOgm  samples,  which  were 
inoculated  with  3.0ml8  of  inoculum  containing  approximately  10’  challenge 
organisms,  and  held  at  4°C4  hours  piiortothe  initial  sampling,  and  storage  at 
4"C.  Data  presented  represents  replicate  tr'als  consisting  of  five  20gm  samples 
eluted  at  each  time  point,  wKh  the  means  of  recovered  bacteria  combined. 


Figure  19.  Viral  persistence  on  fresh-cul  romalne  lettuce  inoculated  with 


'Fresh-cut  lettuce  samples  were  divided  Into  lOOgm  samples,  which  were 
inoculated  with  3.0mis  of  Inoculum  containing  approiimately  io'  challenge 
viruses,  and  held  at  4°C  4 hours  prior  to  the  Initial  sampling,  and  storage  at  4°C. 
Data  presented  represents  replicate  trials  consisting  of  five  20gm  samples  eluted 
at  each  time  point,  with  the  means  of  recovered  viruses  combined. 


CANTALOUPE 


Locallzalion.  Ths  preferences  far  attachment  lothB  various  regiors  on 
cantaloupe  Cy  the  challenge  organisms  were  examined  and  the  results  presented 
In  Table  9.  The  challenge  bacteria  both  demonstrated  a propensity  for 
attachment  to  the  stem  scar  region,  with  significantly  higher  populations 
recovered  from  this  area  than  Ihe  other  areas  examined.  The  MS2  phage  also 
was  recovered  from  the  stem  scar  region,  but  not  In  amounts  signtfieanlly 
different  from  the  blossom  scar  area,  where  slightly  higher  concentrations  were 
recovered. 


Table  9.  Location  of  challenge  organisms  recovered  from  inoculated  cantaloups 


Disinfection  tresimenis.  The  reductiors  in  the  populations  of  the 
challenge  organisms  are  presented  In  Table  10.  Tap  water  treatments  did  not 
produce  significant  reductions  in  the  challenge  bacteria  populations  wth  only 
0.47  and  0.51  logm  reductions  observed  In  E coll  Ol57:H7  and  S.  Montevideo 
respectively.  The  bacteriophage  populaliona  were  all  recovered  in  significanlty 
lower  amounts  than  the  control  after  the  lap  water  treatments.  The  £.  coll 
0157:H7  and  $.  Montevideo  populations  responded  similaity  to  the  range  of 
chlorine  treatmerrts,  with  no  significant  difference  observed  between  treatments. 
The  greatest  reduction  in  the  populations  of  PRO-1  and  Phi-X  populations  was 
observed  at  20Dppm  free  chlorine,  with  300ppm  producing  the  highest  logio 
reductions  in  the  MS2  papulations.  The  chlohne  dioxide  product  produced  a 
greater  than  2 logio  reduction  in  4 of  the  5 challenge  organisms,  with  MS2  being 
reduced  only  1.80  log, o.  The  reductions  of  £.  cofr  0157.W,  S.  Montevideo,  and 
PRD-1,  however,  were  not  significantly  different  then  50ppm  free  chlohne 
treatments.  The  Phi-X  and  MS2  populations  were  reduced  in  amounts 
compareble  to  lOOppm  free  chlorine  treatments  by  the  chlorine  dioxide  treatment 
at  lOOppm. 


'Cantaloups  were  Inoculated  by  depositing  SOpI  of  Inoculum  suspension 
containing  appmximalely  10’  cballenge  organisms  onto  pre-marlted  1.Som^ 
locations  on  the  surfaca  ofBie  melons,  and  air-dried  for  18  hours  prior  to 
treatment.  Treatment  was  applied  by  Immersing  the  Inoculated  portion  of  the 
melon  in  the  treatment  solution  for  two  minutes,  followed  by  immersion  in  a 
neutralising  solution  prior  to  elution.  All  treatment  solutions  were  applied  at  43”C. 
The  pH  of  chlorine  solutions  evaluated  were  all  7.3.  Data  presented  represents 
replicate  trials  consisting  of  4 four  melons  per  treatment,  with  4 samples  excised 

■■  Data  presented  as  logic  CFU  or  PFU/ml.  Values  in  the  same  column  with  the 
same  letters  are  not  signifcantlv  different  (p<O.OS) 


Persistence  ol  challenge  organisms.  The  populations  of  bacteria  anO 
viruses  recovered  from  the  surfaces  of  cantaloupe  stored  at  4°C  are  presented  in 
Figures  20  and  21.  Both  bactera  populations  declined  by  nearly  2 logiounHsby 
day  7,  but  were  both  recovered  10  days  post-inoculation.  E.  eoft'  01S7:H7  were 
recovered  20  days  after  inoculation,  but  no  viable  S.  Montevideo  were  recovered. 
The  MS2  and  PRO-1  populations  declined  approximately  2 logs  over  the  course 
of  the  30-day  storage  trial,  while  the  polio  virus  only  declined  by  slightly  more 
than  one  logic . 


The  bacteria  populations  declined  rapidly  on  the  surfaces  of  cantaloupe 
stored  at  25‘^,  and  both  E.  coll  0157:ff7and  S.  Montevideo  were  nearer  below 
detectable  limits  (10  CFU/ml)  after  7 days  (Figure  22).  The  challenge  viruses 
only  declined  approximately  one  logig  PFU/ml  over  the  course  of  the  10-day 
storage  trial  as  seen  in  Figure  23. 
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FIgjre  20.  Bacteria  persistence  on  cantaloupe  surfaces  inoculated  with  deionized 
water  carrier  and  stored  at  4°C 


'Cantaloupes  were  inoculated  by  depositing  50pl  of  Inoculum  suspension 
containing  approximately  1 0’  challenge  bacteria  onto  pre-marked  1 .5cm* 
locations  on  the  surface  o7 the  melons.  The  samples  were  dried  for  S hours  prior 
to  inrbal  sampling,  and  storage  at4°C.  Data  presented  represents  replicate  trials, 
each  consistng  of  2 melons  per  time  point  wKh  4 samples  excised  from  each 


Figure  21.  Viral  persistence  on  cantaloupe  surfaces  Inoculated  with  deionized 
water  carrier  and  stored  at  4’C 
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Figjre  22.  Bacleria  persistence  on  cantaloupe  surfaces  Inoculated  wHn  deionized 
water  carrier  and  stored  at  25''C 

‘Cantaloupes  were  Inoculated  by  depositing  SOpI  of  Inoculum  suspension 
containing  approximately  10' challenge  bacteria  onto  pre-marked  1.5cm^ 
locations  on  the  surface  ot  the  m^ons.  The  samples  were  dried  for  S hours  prior 
to  InlGal  sampling,  end  storage  at  25°C.  Data  presented  represents  replicate 
trials,  each  consisting  of  2 melons  per  time  point  with  i samples  excised  ^m 


Figure  23.  Viral  persistence  on  cantaloupe  surfaces  inoculated  wiin  deionized 

'Cantaloupes  were  Inoculated  by  depositing  SOpI  of  inoculum  suspension 
containing  approximately  10’  challenge  viruses  onto  pre-marked  iscm^ 
locations  on  the  surface  of  the  melons.  The  samples  were  dried  for  S hours  prior 
to  inital  sampling,  and  storage  at  25°C.  Data  presented  represents  replicate 
trials,  each  consisting  of  2 melons  per  lime  point  with  4 samples  excised  from 
each  melon.  Where  rto  error  bars  visible,  standard  deviation  <0.2  logic  CFU/ml. 


CHAPTER  V. 

DISCUSSION  AND  CONCLUSIONS 

The  major  points  to  be  addressed  In  this  chapter  Indude:  a discussion  of 
challenge  organism  selectian;  the  development  of  elution  techniques;  the 
localization  of  challenge  organisms  on  the  surfaces  examined  In  this  study:  and 
the  responses  of  the  challer>ge  organisms  to  water,  chlorine,  artd  chlorine  dioxide 
treatments.  The  discussion  of  the  persistence  trials  will  address  each  produce 
type  separately,  followed  by  general  conclusions  and  Implications  of  this 
research  study. 

Challenge  organisms.  The  selection  of  appropriate  challenge  organisms 
to  evaluate  a given  variable  can  be  one  of  the  most  diflicuH  and  often  debated 
tasks  to  perfonn  prior  to  beginning  a research  project.  The  organism  of  interest 
should  be  representative  of  similar  strains  and  exhibit  qualities  similar  to  other 
organisms.  The  scientiTrc  literature  reveals  that  microorganisms  differ  greatly  in 
their  response  to  disinfectants  (Beuchat,  2000).  and  the  selection  of  challenge 
organism  appropriate  for  the  parameters  to  be  evaluated  may  vary  to  suit  specific 
needs.  Therefore  the  extrapolation  of  the  data  presented  in  this  study  to  other 
produce  items  and  under  other  conditions  must  be  done  with  great  care. 


ForUils  study,  five  strains  of  £.  coli  0157.W7  and  tnree  Salmonella  Spp. 
were  evaluated  for  erowth  patterns  and  responses  to  inoculation  on  and  recovery 
from  tomato  stem  scar  surfaces.  The  strains  of  £ coll  OJ57.H7 
examined  all  performed  simllaly  In  both  growth  and  sttachmantfrecovery 
expenments.  The  Selmonella  Spp.  evaluated  responded  in  a similar  manner, 
with  no  significant  differences  In  eltner  growth  or  attachment  and  recovery 
criteria.  S.  Montevideo  04639  and  £.  coli  0757;H7(ATCC  110195-B1 ) both  have 
previously  been  Included  in  disinfection  and  persistence  trials  (Castillo  et  al.. 
1999:  Lin  and  Wei,  1997:  Wei  el  sl„  1995),  These  strains  performed  slmllaiiy  to 
me  other  strains  evaluated  under  both  settings  examined  In  this  study,  and  were 
selected  as  representative  challenge  organisms  for  the  remainder  of  the  project 

LeRuce  sfufiOn  technique  dsvelopmenf.  Lukasik  et  al.  (2QOO)  reported  an 
elution  technique  to  remove  bacteria  and  viruses  from  the  surface  of  Inoculated 
tomatoes  and  strawberries.  This  technique  was  also  applied  to  cantaloupe  In  this 
study,  but  was  not  appropriate  fOr  the  elution  of  challenge  organisms  from  lettuce 
due  to  the  differing  structure  of  the  produce  Items.  Two  mechanical  elution 
methods  were  evaluated  to  identify  a physical  process  that  would  produce  the 
most  efficient  elution  of  pathogens  from  lettuce.  Both  shakirtg  and  stomaching 
have  been  utilized  in  previous  studies  to  elute  leafy  produce  (Beuchal  1999: 
Escudero  el  al.  1999:  Rnn,  and  Upton,  1997,  Hao  el  at.,  1999).  As  seen  in  the 
presented  results  (Table  5),  stomaching  and  shaking  eluted  similar  amounts  of 
bacteria  from  both  midrib  and  leaf  tip  regions  of  me  Inoculated  lettuce 


shaking  and  slomaching  methods  released  comparable  amourrts  of  £ coll 
0157:H7  bacteria  and  Phl-Xand  US2  viruses  from  midrib  regions.  Stomad^lng 
the  midrib  samples  eluted  higher  numbers  of  PRD-1  than  the  shaking  method. 
Shaking  the  leaf  lips  resulted  In  significantly  higher  counts  of  E.  co//0157:H7 
than  did  stomaching,  and  eluted  similar  amounts  of  S.  Montevideo.  There  were 
no  significanl  differences  observed  In  populations  recovered  behveen  the 
shaking  and  stomaching  methods  for  S.  Montevideo,  PRO-1,  Phi-X,  and  MS2 
viruses  inoculated  on  the  leaf  tip  samples,  Lukasiket  al,  (2000)  also  compared 
stomaching  and  rotarv  shaking  techniques  for  tomatoes  and  strawberries,  and 
found  the  shaking  method  eluted  a comparable  number  of  bacteria  and  twice  as 
many  viruses  compared  to  stomaching.  It  has  been  previously  Indicated  that 
aerosolizatlon  of  samples  can  have  antagonistic  affects  on  viral  agents  (Berg  et 
al.,  1984).  The  degree  of  aerosollzation  the  challenge  vinises  were  subjected  to 
during  this  elution  process  did  not  appear  to  adversely  affect  the  recovery 
process.  However,  because  the  shaking  method  was  considerably  less 
physically  disruptive  for  the  lettuce  samples  and  presents  less  potenbai  for  the 
aerosolization  of  the  seeded  viruses,  while  eluting  similar  amounts  of  seeded 
organtsms,  the  shaking  method  of  elution  was  selected  as  the  most  conservative 
elution  method  to  apply  to  lettuce  samples. 


Locelkellon.  Lettuce  was  inoculated  with  challenge  bacteria  and  selected 
viruses  to  midrib,  leaf  tip.  and  heart  portions  ofromaine  lettuce  that  were  held  at 
4'C  for  18  hours  prior  to  sampling.  The  holding  of  the  product  at  this  temperature 


and  length  of  time  reponeOly  allows  for  the  maximjm  attachment  of  the 
challenge  organisms  used  In  other  studies  of  lettuce  (Takeuchl  and  Frank,  2000). 
The  phages  Phl-X-174and  PRD1  were  recovered  In  similar  amounts  from  all 
three  regions  (Tables).  Similar  amounts  of  MS2  were  recovered  from  midnband 
leaf  tips,  and  there  were  no  significant  differences  in  populations  recovered  from 
the  leaf  tip  and  heart  samples.  Higher  amounts  of  MS2  were,  however, 
recovered  from  the  midhb  areas  of  the  inoculated  lettuce.  £ coff0157:H7  and 
5.  Montevideo  were  recovered  in  comparable  amounts  from  the  midrib  and  leaf 
tip  samples,  but  in  significantly  lower  amounts  from  the  heart  region  of  the 
romaine  lettuce.  Takeuchi  and  Frank  (2000)  reported  that  £ co//0157:H7  strain 
994  attached  preferentially  to  the  cut  edges  of  iceberg  lettuce  over  Intact  leaves. 
Seoand  Frank  (1999)  further  indicated  in  their  study  that  £ co// 01 57:H7  strain 
932  penetrated  iceberg  lettuce  tissue  at  the  cut  edges,  and  were  likely  to  remain 
viable  after  dismfeclion  treatments.  The  higher  counts  of  bacteria  recovered  from 
the  mldn'b  and  leaf  tip  portons  of  fresh-cut  romaine  lettuce  in  this  study  therefore, 
are  not  surprising.  The  midrib  presents  increased  cut  surface  area  for  challenge 
organism  attachment  and  exposure  to  the  vascular  tissue  of  the  leaf.  The 
surface  of  an  ur>damaged  lettuce  leave  is  covered  with  cufin  that  helps  protect 
the  interior  tissue  from  desiccation  (Rombarger  el  al.,  1993).  This  waxy, 
hydrophobic  layer  may  facilrlale  the  attachment  of  the  bactertophages  as  well  as 
bactena.  PRD1  and  MS2,  for  example,  exhlbk  a propensity  towanJ  attachment  to 
surfaces  via  hydrophobic  interactions  (Lukasik,  1996)  and  this  may  be  a factor  In 
their  attachment  to  produce  surfaces.  The  localization  of  viral  agents  on  precut 


and  mmtmally  processed  produce  items,  and  further  examiration  of  the 
rrechamsms  utilized  in  the  atlachmenl,  and  subsequent  displacement  te 


Cantaloupes  were  immersed  In  a cocktail  of  at  least  10’  CPU  or  PFUfml 
challenge  organisms  end  various  locations  on  the  melons  were  examined  to 
determine  where  the  organisms  would  attach.  Melons  were  immersed  In  two 
liters  of  the  cocktail  solution  and  held  at2S°C  for  18  hours  prior  to  elution.  The 
MS2  phage  was  recovered  in  similar  amounls  from  the  stem  scar  and  the 
blossom  scar,  with  both  regions  providing  acceptable  surfaces  for  attachment. 
These  regions  may  also  have  remaining  deposils  of  plani  sap  or  residual  organic 
matter  enhancing  the  ability  for  the  challenge  organisms  to  attach  to  these  areas. 
Signlfcanlly  higher  amounts  of  £.  coff  0157:H7  and  5.  Montevideo  were 
recovered  from  the  stem  scar  areas  than  any  of  the  other  regions  examined.  The 
removal  of  the  stem  at  harvest  and  the  subsequent  exposure  of  vascular  tissue 
upon  which  introduced  organisms  may  attach  may  help  explain  Ihe  quantity  of 
challenge  organisms  recovered  from  this  location  The  are  no  published  studies, 
to  date,  addressing  Ihe  altachmeni  of  viruses  lo  surfaces  of  produce,  nor  the 
evaluation  of  preferential  altachmeni  loralions  ol  inoculated  bacteria  on 
canlaloupe  Researchers  have,  however,  demonstrated  that  cantaloupes 
immersed  in  inoculum  ol  S.  Stanley  may  be  transferred  lo  the  Interior  edible 
tissue  during  slicing  (Ukuku  and  Saoers.  2000).  Suslow  et  al.  (2000) 


I absolute  l 


artlfclally  Inoculated  or  indigenous  bacteria.  wtUn  S.  Typhlmurium  LT2  found  to 
transfer  5mm  below  tnertrtd.  Suslowetal.  (2000)  also  reported  that  bacteria 
Inoculated  ontbe  blossom  scar  and  stem  scar  were  occasiorally  detected  In  the 
Interior  flesh  after  storage.  The  data  presented  In  this  study  indicate  that  when 
immersed  in  an  apueous  solution  containing  E.  C0ffO157;H7,  S.  Montevideo,  and 
the  model  virus  MS2,  these  challenge  organisms  could  be  recovered  from  the 
intact  rind  surfaces  of  cantaloupe.  However,  higher  concentraflons  of  these 
organisms  attached  to  the  stem  scar  and  blossom  scar  regions  of  the 

to  be  Introduced  to  the  interior  edible  tissue  as  demonstrated  by  Suslow  et  al. 
(2000)  and  Ukuku  and  Sapers  (2000)  may  contribute  to  the  concern  about  the 
potential  for  cantaloupe  to  serve  as  a vehicle  for  the  spread  of  floodbome  Illness. 
Mohle-Boetani  el  al.  (1996)  suggested  that  restaurant-cut  cantaloupe  may  pose  a 
greater  risk  than  home-cut  melons  due  the  processing  of  multiple  cantaloupes  at 
a time,  with  one  contaminated  rind  potentially  contaminating  the  edible  tissue  of 
several  fruit.  However,  the  careful  removal  of  these  regions  priorto  slicing  the 
fnjK  may  help  in  reducing  me  risk  of  the  introduction  of  contaminates  into  the 
Interior  of  the  fruit.  Further  research  into  such  simple  yet  preventive  measures 


Walerlr^almenl$.  Washing  fruits  and  vegetables  with  potable  water, 
either  immediately  after  harvest,  priorto  further  processing,  or  prbr  to 
consumption  al  the  point  of  use  is  undoubtedly  the  most  frequent  treatment 


applied  to  produce.  Initial  trials  In  Uils  study  included  treatments  with  tap  water  of 
varying  temperatures,  with  43°C  water  producing  the  greatest  reductons  In  the 
challenge  organisms  from  the  surfaces  of  strawberhes  (data  not  shown).  The 
results  obtained  from  the  temperature  evaluation  were  similar  to  other 
researchers,  who  also  report  warmer  temperatures  removed  mors  organisms 
from  the  surfaces  of  produce  (Adams  et  al.,  1969).  Tap  water  was  Included  as  a 
treatment  for  tomato  stem  scars  and  did  reduced  cofi  Of57,H7and  MS2 
populations  significanlly.  but  not  the  S.  Montevideo,  PRD-1  orPhl-X  populations 
in  this  study.  The  43°C  lap  water  treatment  produce  statisbcally  significant 
reductions  In  all  ttte  challenge  organisms  on  strawberries.  Tap  water  also 
produced  statisbcally  significani  reductions  in  all  the  challenge  viruses  on  the 
surfaces  of  cantaloupe.  The  attached  bacteria  however  proved  more  resistant, 
wiIhE  cod  OfS7;H7and  S.  Montevideo  populations  recovered  after  tap  water 
treatments  in  amounts  not  significanby  different  trom  controls,  Ukuku  and 
Sapers  (2000)  reported  that  washing  with  water  did  not  reduce  the  attached 
populations  of  Selmonelle  in  theirstudy  of  inoculated  lettuce,  similar  to  what  was 
found  in  this  study. 

it  has  been  reported  in  the  literature  that  washing  produce  Kerns  in  hot 
water  removes  a portion  of  the  pathogenic  and  spoilage  organisms  present 
(Adams  el  al„  19S9),  but  scientific  studies  evaluating  the  efficacy  of  this  simple 
and  prevalent  treatment  ere  few  (Beuchat,  2000).  The  findings  of  this  study 
Indicate  that  the  effectiveness  of  potable  water  treatments  vary  with  produce  type 


and  challenge  organism.  Further  examinations  of  the  effects  of  washing  whh 
potable  water  and  the  effectiveness  of  commercial  washing  operations  may  be 
necessary  to  determine  if  the  resistance  observed  In  the  laboratory  is  similarly 
observed  in  commercial  operations. 

Chtorine  frea/menls.  Chlorine  solutions  are  possibly  one  of  the  most 
common  chemical  disinfection  treatments  currently  applied  to  produce.  These 
soluUons  are  frepuendy  used  at  concentrations  of  S0-200ppm  with  short 
exposure  times  of  1-2  minutes  (Beuchal.  200Q).  While  this  study  also  Included 
concentrations  of  300ppm,  the  200ppm  chlorine  solution  provided  higher 
reductions  In  the  challenge  organisms  than  300ppm  with  several  of  the  produce 
types  examined.  Treatment  with  200ppm  chlorine  produced  the  highest 
reductions  in  challenge  bacteria  on  strawbemes  and  tomatoes  of  all  Ireatments 
evaluated.  The  bacteria  populations  on  the  surfaces  of  cantaloupes  were 
reduced  In  the  highest  amounts  by  tOOppm  chlorine.  There  was  no  slabsdcal 
difference  observed,  hotvever,  between  any  of  the  Otlorine  solutions  applied  to 
cantaloupe.  Previous  researchers  also  found  no  significant  difference  between 
tomatoes  inoculated  with  S.  Montevideo  and  treated  with  1 10  and  310ppm  free 
chlorine  solutions  (Zhuang  at  al.,  1985),  as  was  seen  in  this  study  with  100  and 
300ppm  chlorine  treatments  on  tomatoes  and  strawberries. 

Lettuce  proved  to  be  the  most  difficult  produce  type  to  disinfect,  with  the 
chlorine  treatments.  Chlorine  solutions  were  applied  to  lettuce  as  they  would  be 


formulated  at  a retail  food  service  establishment,  home,  or  some  commercial 
settirtgs  (i.e.,  the  pH  would  rot  be  decreased  by  the  addition  of  an  acid).  No 
difference  in  responses  to  50  and  lOCppm  chlorine  treatments  was  observed  for 
the  challenge  bacteria.  While  chlorine  treatments  did  provide  statistically 
signircant  reductions  In  bacterial  populations  when  compared  to  the  control, 
greater  than  one-logio  reduction  In  bacterial  populations  was  only  achieved  for  5. 
Montevideo  at  SOOppm.  while  a 0.72  logio  reduction  InUie  £.  co/r01S7:H7 
populations  was  obtained  at  this  concentration. 

To  further  explore  the  effect  of  pH  on  the  disinfection  properties  of  the 
chlorine  treatments,  a range  of  free  chlorine  solutions  were  compared,  with  one 
set  having  the  pH  lowered  to  7.3.  the  other  unadjusted.  The  pH  of  the 
unadjusted  solutions  ranged  from  6.6  to  9.6.  This  Increase  In  pH  is  due  to  the 
Inclusion  of  excess  hydroxyl  Ions  Into  the  bleach  solutions  Included  to  help 
stabilize  the  product  against  aulocatalytic  losses  (White,  1992).  While  the 
viruses.  In  general,  were  reduced  by  similar  amounts  In  response  to  the 
treatments  with  differing  pH  levels,  there  was  a difference  observed  in  the 
responses  of  the  bacteria  on  the  inoculated  lettuce.  Both  E.  coll  01  S7:H7  and  S. 
Montevideo  populations  were  reduced  at  a greater  degree  using  the  solutions 
with  a pH  of  7.3  et  concentrations  above  50ppm.  The  reductions  of  the  bacteria 
on  lettuce  presented  In  this  study  are  only  slightly  higher  than  those  reported  by 
other  researchers  who  used  similar  concentrations  (200ppm  free  chlorine), 
combined  with  slightly  longer  exposure  times  (5  minutes)  and  lower  treatment 


solutior  temperatures  (22“C).ard  reported  0.7  and  I.OIogio  reductions  itt  £ coli 
0157:H7  populatons  on  iceberg  lettuce  leaf  surfaces  and  cut  edges  respectivel/ 
[Seoand  Frank.  1999). 

While  the  evaluation  of  various  dislnfedlor  treatments  of  tomatoes 
artlficiallv  contaminated  with  Salmonella  Spp.  (Wei  el  al.,  1995;  3iuang  and 
Beuchal,  1996]  and  other  pathogens  [Beuchatand  Brackett,  1991]  have  beer 
reported,  disinfect'on  of  surface  associated  viruses  have  not  been  reported  in  the 
sclerhfic  literature,  to  date.  This  study  evaluated  the  response  of  selected 
reference  viruses  to  treatments  of  chlorine  solutions  when  attached  to  the 
surface  of  strawberries,  tomatoes,  lettuce,  and  cantaloupe. 

Greater  reductions  were  observed  in  populations  of  PRD1 , MS2,  and  polio 
vims  treated  wHh  50ppm  chlorine  than  those  obtained  with  lOOppm  on  inoculated 
strawberries.  Similar  responses  by  bacteria  have  been  reported  by  Escudero  at 
al.  (1999),  who  found  greater  reductions  In  Yersinia  enlerocolHica  populations  on 
lettuce  when  treated  with  25ppm  chlorine  compared  to  lODppm  solutions. 

Similar  seemingly  contradictory  reductions  were  observed  as  wth  the  bactehal 
responses  to  200  and  SOOppm  chlorine  in  some  of  the  challenge  viruses  on 
strawberries,  tomatoes,  and  cantaloupe.  The  MS2  populations  on  tomatoes  and 
cantaioupe  were  reduced  in  greatest  amounts  by  treatment  with  300ppm  free 
chlorine.  However,  these  reductions  were  signiticantly  different  from  those 


I200ppm. 


Tns  viruses  on  the  surfaces  of  lettuce  responded  quite  differently  from  the 
bacteils  challenge  organisms  to  the  chlorine  treatments.  MS2  was  recovered 
after  all  chlonne  treatments  with  no  significant  differences  fourv]  between 
chlorine  treatments.  The  polio  virus  populafions  were  reduced  in  excess  of  one 
logig  for  100, 200.  and  300ppm  chlorine.  This  study,  however,  may  be  the  first  to 
demonstrate  that  bactenophages  and  polio  virus  attached  to  lettuce  tissue  are 
quite  resistant  to  disinfecfion  with  chlorine  solutions.  The  response  of  polio  virus, 
and  its  similar  response  to  chlorine  solution  of  differing  pH  may  support  the  need 
for  additional  research  in  the  area  of  produce  disinfection  with  emphasis  placed 
on  viral  agents.  The  results  obtained  in  this,  and  other  studies  evaluating 
disinfection  treatments  or>  lettuce,  indicate  that  once  bacterial  pathogens  and 
viruses  are  attached  to  lettuce,  elimination  of  these  organisms  is  difficult. 

While  reductions  In  excess  of  2 logra  units  were  achieved  by  chlorine 
treatments  on  several  of  the  inoculated  produce  items  evaluated,  complete 
elimination  was  not  achieved.  Nguyen-the  and  Csrlln  (1S94)  reported  that  the 
ellmlnetlonoforganisms  associated  with  the  surface  of  fnjits  and  vegetables  by 
the  application  of  chlohne  solutions  Is  limited  and  unpredictable  due  to  factors 
such  as  the  surface  structure  of  the  produce  and  the  presence  of  organic  matter. 
These  limitations  were  exemplified  By  the  responses  of  £ cotf  Of57;H7and  S. 
Montevideo  used  in  this  study,  with  populations  exhibiting  a greater  degree  of 

treatments  when  inoculated  on  cantaloupe  in  comparison  to 


sensitivity  to  chlorine  i 


lettuce.  An  incremental  degradalion  in  the  challenge  organism  populatons  was 
not  observed  with  the  Increasing  chlorine  concentrations  (In  most  cases)  In  this 
project.  While  oerRlesIng,  these  results  further  highlight  the  variability  both  in 
response  to  disinfection  treatments  by  the  pathogens  evaluated,  and  the  Inherent 
variables  associated  with  produce.  These  variables  Include  surface  conditions, 
presence  of  organic  matter,  and  the  populations  of  the  noimal  flora  of  the 
produce,  all  of  which  may  influence  the  efficacy  of  treatments. 

Chlorine  rfioDde  treatments.  The  scientific  Information  currently  available 

and  quality  of  Information  available  about  the  use  of  chlorine  as  a disinfectant  for 
produce.  Treatment  of  inoculated  strawberries  with  KXlppmtfilorine  dioxide 
proved  to  be  the  most  effective  solution  examined  to  reduce  counts  of  S. 
Montevideo  with  reductions  of  2.20  logic  CFU/ml  obtained.  Treatment  of 
Inoculated  tomato  stem  scars  with  fOOppm  chlorine  dioxide  was  not  particularly 
effecSva  on  reducing  populations  of  E.  coK  Of57.H7,  producing  reductions 
similarto  tap  water  treatments.  Reductions  in  S.  Montevideo  populations  on 
tomatoes  after  treatment  with  the  1 0Oppm  chlorine  dioxide  solutions  at  43°C  were 
not  signilicanty  different  from  any  of  the  chlorine  treatments  evaluated,  with  only 
a 0.77  logic  reduction  demonstrated. 

One  logic  or  greater  reductions  in  the  challenge  bacteria  was  observed 
with  the  commercial  chlorine  dioxide  product  for  S.  MontevkJeo  populations  on 


romaine  lettuce.  The  E.  coll  0157:H?  on  the  lettuce  proved  more  resistant  to  this 
treatment,  with  only  a 0.66  logio  reduction  obtairted.  Treatment  of  Inoculated 
cantalouoe  with  tOOppm  chlorine  dioxide,  In  comparison,  produced  reductions  In 
excess  of  2.5  logic  onrls  In  both  E.  coll  01S7:H7  S.  Montevideo  populations. 

To  date  there  are  no  scientific  studies  published  that  explore  the  effects  of 
stabilized  chlorine  dioxide  products  on  viruses  associated  with  produce  surfaces. 
Trealment  of  inoculated  strawberries  with  fOOppm  chlorine  dioxide  resulted  in 
aJmosla  three  login  PFUfml  reduction  (2.95)  for  the  MS2  pr^ulalions,  while  a 
1.55  and  1.68  logo  PFU/ml  reduction  were  achieved  for  PRD-I  and  Phi-X  174, 
respectively,  with  the  chlorine  dioxide  trealmenis.  Tomato  stem  scars  treated 
with  lOOppm  chlorine  dioxide  demonstrated  that  the  compound  was  not 
particularly  effective  on  reducing  populations  of  PRD-1  and  MS2,  producing 
reductions  similar  to  lap  water  treatments.  Phl-X  reductions  in  response  to 
chlorine  dioxide  treatments  were  comparable  to  those  observed  with  the  chorine 
treatment  solutions  on  tomato  stem  scars. 

The  polio  1 viruses  Inoculated  onto  lettuce  demonstrated  no  signiticant 
difference  in  response  to  treatments  with  SOppm  free  chlorine  and  1 0Oppm  of  the 
Camebon  200*  product.  The  viruses,  in  general,  were  not  reduced  efficiently 
with  the  chlorine  dioxide  treatmenls,  with  PRO-1,  Phl-X  174,  and  polio  virus  each 
reduced  less  than  1 logm  PFU/ml.  MS2  populaions,  however,  were  reduced 
1.22  logo  in  response  to  treatment  with  the  chlorine  dioxide  product  at  lOOppm, 


and  appeared ' 


I the  most  sersitive  of  th€ 


Treatment  of  Inocjlatedcsptaloupe  with  the  Camebon  200*  product  at 
lOQppm  produced  greater  reductlone  in  the  challenge  viruses  than  in  the  other 
produce  types.  Cantaloupe  treated  with  the  tOOppm  chlorine  dioxide  solution 
produced  reductions  greater  than  2.5  logio  units  In  PRD-1  and  Phl-X  174 
populations.  The  phage  MS2  proved  to  be  the  most  resistant  to  the  chlorine 
dioxide  treatment,  with  only  a 1.8  logm  reduction  obtained,  which  was  not 
signllicanlly  different  from  the  reduction  achieved  with  a tap  water  treatment. 

Chlorine  dioxide  has  been  used  to  disinfect  Ustaria  monocytogenes 
inoculated  onto  lettuce  by  Zhang  and  Farber  (1996).  who  achieved  a O.S-logio 
reduction  when  S.Oppm  was  applied  at  22°C.  Chlonne  dioxide  has  also  been 
evaluated  forconliolling  microorganisms  in  water  used  in  hydrocooleis  used  for 
chilling  cucumbers  [Reina  et  ai.,  1995).  Beuchat  (2000)  Indicates  that  as  with 
other  disinfectants,  microorganisms  frequently  vary  in  their  response  to  treatment 
with  chlorine  dioxide,  and  environmental  (actors  as  well  as  the  method  of 
application  can  Influence  efficacy,  but  that  further  research  on  this  compound  Is 
warranted.  The  extremes  observed  in  response  to  treatment  with  this  product 
are  clear  when  the  challenge  organisms  are  examined  by  produce  Item.  When 
looking  at  the  ranges  of  reductions  across  the  4 produce  types,  MS2  populations 
were  reduced  in  amounts  ranging  from  1,22  - 2.95,  whereas  PRD-1  population 


reQjclions  varied  from  0.35  - 2.69  and  Phl-X  logio  rsdjdions  ranged  from  0.30 
(D2.93.  Trie  challenge  bacteria  demonstrated  similarvariations  in  response  to 
the  chlorine  dioxide  treatments.  This  study  supports  other  researcher's  reports 
that  challenge  organisms  will  vary  In  response  to  treatment  vrith  chlorine  dioxide, 
and  that  produce  type  and  physical  structure  may  inf  uence  the  efficacy. 
However,  the  statistically  significant  reductions  that  were  demonstrated  on 
challenge  organism  populations  attached  to  trie  seeded  produce  support  trie 
need  for  further  research  with  chlorine  dioxide  compounds. 

Persistence  of  chsllenge  organisms  on  strawberries.  Persistence  of 
challenge  organisms  was  examined  when  held  under  typical  stcrage  conditlona 
encountered  In  food  service  and  home  settings.  Organisms  were  applied  to 
strawberries  using  both  deionized  water,  and  a filtered  sewage  carrier  to  examine 
the  effect  of  the  introduction  of  nutrients  and  organics  that  are  present  in 
wastewater.  The  use  of  wastewater  and  the  application  of  Inadeauately 
composted  manure  to  soils  used  to  produce  fruits  and  vegetables  Is  a concern 
abcut  fruits  and  vegetables  produced  both  domestically  as  well  as  products 
imported  from  abroad.  The  ability  of  both  viruses  and  bacteria  to  persist  in 
contaminated  soils,  as  well  as  on  adulterated  products  grown  on  contaminated 
soils  or  irrigated  with  untreated  wastewater  has  been  well  documented  (SadovsKi 
et  al.,  1978;  Tierney  etal.,  1977).  The  results  of  this  study  indicate  that  the 
challenge  organisms  survived  better  when  inoculated  via  the  deionized  water 
carrier  when  compared  to  the  wastewater  carrier.  The  presence  of  nutrients  and 


organic  matter  associated  witti  wastewater  are  frequently  reported  to  attribute  to 
tbe  Increased  persistence  of  challenge  organisms  (Sadovski  et  at.,  1978:  Tierney 
etal.,  1977).  The  banefils  attributed  to  wastewater  and  associated  nutrients 
provided  to  challenge  organisms  in  previous  studies  was  not  realized  Infills 
case.  One  factor  in  the  decrease  Inof  E C0HO157:H7  and  S.  Montevideo  on  the 
surfaces  of  strawberries  may  be  that  these  introduced  organisms  were  out- 
competed  for  available  resources  by  the  natural  flora  of  the  fruit.  Bacteria  persist 
and  actually  thrive  on  plants  as  an  integral  part  of  natural  microbial  ecosystems. 
Normal  Itora  on  produce  items  have  been  reported  to  be  eluted  In  quantities 
ranging  from  10*-10’°  (Upper  etal.,  1989).  Preliminary  experiments  In  this  study 
Included  total  aerobic  plate  counts,  which  were  performed  using  a nonselective 
media.  The  strawberries  examined  were  found  to  have  counts  in  excess  of  10^ 
CFLI/ml(data  not  shown).  The  populations  of  organisms  composing  the  plant- 
associated  ecosystems  have  been  described  as  dynamic,  with  the  organisms 
being  subjected  to  a variety  of  harsh  envirohmerrtal  conditions  (Upper  etal., 
1989).  This  normal  flora  may  be  conditioned  to  not  only  survive  harsh  conditions, 
but  also  make  efficient  use  of  any  available  nutrients  that  may  be  present,  and 
multiply  rapidly. 

Pers/sfence  of  challenge  oiganisms  on  fomatoes.  Human  pathogenic 
bacteria  or  viruses  that  are  not  an  established  resident  on  plant  surfaces  are 
considered  transient  organisms  (Upper  et  al„  1989),  These  transient  organisms 
are  subjected  to  the  same  harsh  condidons  resident  flora  must  endure  as  a pari 


of  plant-associated  ecosystems.  This  study  examined  the  persistence  of 
challenge  organisms  on  tomatoes  as  influenced  by  Inoculum  earner,  location, 
and  storage  temperature. 

The  Influence  of  Inoculum  (delorrized  water  arrd  filtered  sewage)  was 
evaluated  on  tomatoes  stored  at  4 and25°C.  E.  coffOfST.'HT  applied  to  tomato 
stem  scars  in  a water  carrier  declined  2.5  logs  after  13  days  and  declined  3 logs 
after  16  days  post-inoculation  In  a sewage  suspension.  S.  Montevideo 
populations  had  dropped  below  detectable  limits  by  day  13  with  the  water  carrier, 
but  viable  colonies  were  obtained  on  day  16  with  the  sewage  Inoculum,  perhaps 
as  influenced  by  the  nutrients  available  in  the  sewage  carrier.  Wei  at  al.  (1965) 
reported  the  survival  of  5.  Montevideo  on  tomato  stem  scars  for  at  least  7 days 
when  stored  at  25°C  and  reported  that  the  S.  Montevideo  in  a TSB  carrier 
promoted  better  survival  and  protected  against  the  bactericidal  properties  of 
aqueous  chlodns  treatments.  While  the  bacteria  included  in  this  study  had  been 
washed  in  saline  to  remove  any  remaining  TSB.  the  sewage  carrier  may  have 
provided  nutrients  that  may  have  contributed  to  the  survival  ofdre  challenge 
organisms.  Viruses  will  not  grow  in  or  on  produce,  but  may  persist  long  enough 
to  be  consumed  with  the  pmduce.  Viral  agents  deposited  on  the  surfaces  of 
plants  are  subjected  to  the  same  environmental  conditions  as  the  transient 
bacteria.  However,  because  the  viruses  do  not  compete  with  the  established 
fora  for  nutrients,  and  are  essentially  inert,  they  may  actually  be  more  stable 
than  introduced  human  bacterial  pathogens  on  these  surfaces.  The  challenge 


viruses  were  deposited  on  the  stem  scars  in  a sewage  carrier  or  suspended  in 
deionized  water  and  stored  at  4 and  2S‘C.  The  sewage  carrier  applied  PRD-1 
and  MS2  phages  each  declined  In  population  3 togio  units  after  16  days  of 
storage.  The  polio  virus  only  declined  2 logic  units  under  the  same  conditiorts. 
When  these  agents  were  applied  in  a water  medium,  the  MS2  phage  populations 
declined  in  a near  linear  fashion,  and  were  recovered  at  day  9,  but  were  not 
recoverable  13  days  post-inoculation.  PRO-1  and  polio  virus  ort  the  other  hand 
survived  well,  and  only  declined  1.25  end  1 logic  respectively  after  13  days. 

The  challenge  bacteria  behaved  more  erratically  wheh  stored  at  2S°C  than 
at  4°C.  Both  bactena  declined  at  least  2 logo  one  day  after  Inoculation  via  the 
water  earner,  but  demonstrated  an  increase  in  papulation  on  days  2 and  3.  The 
populations  dropped  below  detectable  limits  on  days  6 and  7,  but  were  recovered 
in  measurable  amounts  on  day  13.  The  challenge  bacteria  applied  In  the  sewage 
medium  both  dropped  5 logio  one  day  after  inoculation,  but  recovered  at  least  2 
logto  by  day  8.  The  5.  Montevideo  populations  declined  below  detectable  limits 
ondayH  and  remained  undetectable  at  day  16.  The  E C0>iO157;ff7 
populations  were  measurable  at  day  1 1 . but  were  not  detected  after  day  1 1 . The 
application  via  sewage  carrier  produced  viable  S.  Montevideo  on  tomato  stem 
scars,  which  was  similar  to  results  reported  by  Wei  et  al,  (1996)  using  a TS8 
suspended  culture.  The  findings  of  this  study  indicata  that  viruses  in  general 


of  sensHivity  by  day  16.  The  viral  agsnis  Inoculated  via  water  also  declined 
rapidly  and  both  phages  were  below  detectable  limits  by  day  13.  Poliovirus 
persisted  through  day  7,  which  was  the  last  day  tested  ter  that  vims  due  to 
handling  errors  with  the  samples  ter  the  remaining  time  points. 

Separate  experiments  were  performed  to  evaluate  the  persistence  of 
bacteria  on  wax  and  un-waxed  tomatoes.  The  “wax'  applied  to  the  surfaces  of 
tomatoes  is  typically  a vegetable  oil-based  wax  which  serves  to  reduce  chaffing 
to  the  tomato  skins  during  shipment  and  subsequent  handling  (Rushing  et  al., 
1996).  E.  co!i  0157:H7ana  S.  Montevideo  were  applied  to  waxed  and  un-waxed 
tomato  stem  scars  with  a water  carrier  and  stored  at  10°C.  Challenge  bacteria 
persisted  well  on  both  tomato  types,  and  no  significant  reductions  were  observed 
In  populations  after  21  days  of  storage.  Stuang  etal.  (1996)  reported  observing 
no  signihcant  decreases  in  populations  of  S.  Montevideo  on  stem  scars  stored  at 
10°C  forts  days.  Intact  areas  of  tomato  surfaces  were  also  Inoculated  as 
described  above.  The  bacteria  populations  declined  below  detectable  limits  on 
days  7 and  14,  but  both  E coli  0157:H7  and  S.  Montevideo  were  recovered  from 
waxed  tomatoes  21  days  post-inoculation.  This  recovery  at  day  21  may  be  due 
to  the  clustenng  of  the  challenge  orgnalsms.  resulting  in  better  protection  from 
the  harsh  storage  environment,  but  only  occuring  on  a small  number  of  samples 
(see  standard  error  bars  Figure  17).  The  error  bars  from  the  waxed  samples  with 
positive  recovery  of  bacteria  did  overtsp  the  un-waxed  samples. 


: S.  Montevideo  [lopulalions  persisted  i 


Wei  etal.  (1995)  indicated  that 
damaged  areas  of  inoculated  tomatoes.  Due  to  the  difficulty  associated  with  the 
great  varladon  In  the  degree  of  damage  naturally  occurring  on  the  surfaces  of 
tomatoes,  and  the  unknown  degree  to  which  these  naturally  occuirihg  damaged 
areas  will  weep  internal  fmlt  Juices,  pin  pricks  of  uniformed  sizes  were 
administered  to  the  testfrulL  The  sound.  Intact  surfaces  of  both  waxed  and  un- 
wexed  tomatoes  were  punctured  with  a sterile  needle.  Inoculated,  and  stored  at 
10°C.  Both  dtallenge  organisms  persisted  through  the  21  day  study.  S. 
Montevideo  populations  on  both  tomato  types  inoreesed  over  the  21  days.  The 
puncture  wound  inflicted  by  a 25-gauge  needle  was  scarcely  observable  to  the 
naked  eye,  with  no  visible  weeping  of  internal  fruit  Juices  observed  on  the  surface 
prior  to  inoculation.  However,  this  wound  apparenUy  wassufRclent  to  influence 
the  challenge  organisms,  enabling  them  to  persist  days  longer  on  intact  tomato 


Persistence  of  challenge  orgenisms  on  romalne  felfuee.  The  persistence 
of  challenge  organisms  on  romalne  lettuce  when  held  under  typical  storage 
conditions  encountered  in  food  service  and  home  settings  may  be  especially 
troubling  to  consumers  and  food  safety  stakeholders  as  well,  WhOe  the  Inoculum 
levels  of  pathogen  used  in  this  study  may  not  be  encountered  on  commercially 
processed  lettuce,  the  presence  of  viable  cells  at  any  level  can  be  a concern  due 
to  their  low  Infective  doses  (CAST,1994),  The  viruses  examined  survived  well 
al4°C  with  the  moist,  cool  environment  providing  a stable  environment  for  these 


challenge  organisms,  which  have  been  shown  capable  of  surviving  much  harsher 
and  more  antagonistic  environments  (Sadovsklet  al,  1978;Tlemey  et  al„  1977). 
The  challenge  bacterial  pathogens  also  persisted  to  the  end  of  the  storage  trial, 
dropping  slightly  less  than  2 logia  units  after  10  days  at  4°C. 

Persislenca  of  challenge  organisms  on  canfe/oupes.  The  persistence  of 
challenge  organisms  were  examined  In  this  study  on  artificially  contaminated 
cantaloupes  when  held  under  typical  storage  conditions  that  would  be 
encountered  In  food  service  and  home  settings.  Melons  stored  at  4°C  had 
recoverable  numbers  of  all  challenge  organisms  10  days  following  Inoculabon. 
Ukuku  and  Sagers  (2000)  reported  the  recovery  ofS.  sfanleyafler  Sdays  stored 
al  >8°C.even  after  treatment  of  the  Inoculated  melons  with  chlorine  or  hydrogen 
peroxide  washes  prior  to  storage.  E.  coliOf57.’H7andallthreeo(the  vinjses 
were  recovered  after  30  days.  The  condition  of  the  melons  after  30  days  of 
storage  had  deterioraled  to  the  point  that  they  most  likely  would  not  be 
purchased  or  consumed.  The  recovery  of  the  challenge  organisms  after  todays 
of  storage  may  be  ofa  more  realistic  concern  to  consumers,  but  ftre  implicabons 
of  the  challenge  organisms  persisting  for  such  a prolonged  period  cannot  be 


Conclusions.  While  numerous  International  studies  have  been  published 
documenting  the  recovery  of  human  pathogens  from  the  various  produce  types 
(Beuehat,  2000),  the  information  pertaining  to  the  prevalence  of  specific 


palhogens  and  viruses  on  products  destined  for  fresh  market,  and  perhaps  more 
importantly  the  concentratons  of  these  pathogens  is  needed.  This  iack  ofcriticai 
information  pertaining  to  the  concentrations  of  pathogens  that  may  be 
encountered  on  contaminated  produce  makes  the  design  of  realistic  chailertge 
studies  difficjit.  The  inocuium  ievels  of  the  bacteriai  pathogens  and  modai 
viruses  used  in  this  study  may  not  be  encountered  on  produoe  destined  forVte 
fresh  marirel  However,  pathogenic  bacteria  and  viruses  are  often  excreted  in 
extremely  high  concentrations  in  the  fecal  matter  of  Infected  Individuals,  and 
therefore  infected  food  handlers  or  farm  workers  may  potentially  contaminate 
produce  with  large  numbers  of  pathogens  (Oliver,  1997;  CAST,  1994). 
Regardless  of  initial  concentration,  presence  of  viable  pathogens  in  any  amount 
can  be  troubling  due  to  the  low  infective  doses  of  some  of  these  organisms  such 
as  1 0^  viable  CFU/gm  of  £ coli  Of  57;H7  (CAST,  1 994). 

Both  the  viruses  and  Pacteria  persisted  when  applied  via  a sewage  earner 
to  surfaces  of  strawbernes  and  tomatoes.  This  earner  was  included  in  this  study 
because  sewage  may  be  come  Into  contact  to  tomato  and  strawberry  plants 
when  Improperly  treated  wastewater  is  used  for  irrigation  purposes,  or  is  applied 
to  soils  as  a fertiliser.  The  challenge  organisms  also  persisted  on  the  produce 
items  when  Inoculated  In  a water  vehicle.  This  water  inoculation  may  be 
representative  of  conditions  in  a commercial  dump  tank  where  sanHizer  levels 
are  not  maintained  in  sufftdent  amounts  to  inactivate  pathogens  accumulating  In 
the  wash  water.  These  conditions  may  also  occur  during  batch  washing  of 


products  at  the  retail  of  home  level.  Through  this  water  suspension,  pathogens 
may  gain  access  to  the  produce  Items. 

This  study  clearly  demonstrated  that  the  challenge  organisms  persisted  on 
tomato  stem  scars  and  strawberries  for  extended  periods  of  time  and  were 
resistant  to  the  disinfecGon  treatments  applied.  The  ability  for  strawberries  to 
promote  the  spread  of  viral  illness  has  been  well  documented.  The  ability  of 
pathogens  inoculated  on  stem  scars  of  tomatoes  to  be  transferred  to  the  interior 

as  their  implication  in  foodbome  illness  outbreaks.  These  points,  when  combined 
with  the  results  presented  within  this  study  further  demonstrate  the  potential  for 
tomatoes  and  strawberries  to  serve  as  vehicles  of  foodbome  illness. 

It  was  also  demonstrated  in  this  study  that  that  pathogenic  bacteha  and 
reference  vinises  can  attach  to  various  regions  of  precut  romains  lettuce,  and 
can  be  eluted  In  high  numbers  utilizing  the  rotary  shaking  method  described. 
Cantaloupes  were  also  found  to  tacilitale  the  attachment  and  persistence  of  the 
challenge  organisms.  Tne  challenge  organisms  were  resistant  to  the  treatments 
applied,  and  persisted  well  at  storage  temperatures  on  both  lettuce  and 
cantaloupe. 


While  the  challenge  organisms  applied  to  cantaloupe  were  somewhat 
resistant  to  the  treatments  used,  the  treatments  ware  more  effeclve  in  producing 


greater  reductions  in  the  challenge  Dacterla  and  viruses  than  on  the  other 
produce  types.  The  Importance  of  protecting  the  melons  from  contamination 
during  production,  distribution,  and  at  point  of  use  cannot  be  stressed  strongly 
enough.  However,  the  careful  removal  of  stem  and  blossom  scars  prior  to  slicing 
the  melons  may  greatly  decrease  the  potential  for  the  Introduction  of  pathogens 
Id  the  edible  tissues  and  further  exploration  of  this  me^od  as  a preventative 
treatment  should  be  conducted. 

In  condusion.  this  study  illustrates  that  the  pathogenic  bacteria  and  model 
viruses  examined  attached  to  strawberries,  bmatoes,  lettuce  and  cantaloupe, 
persisted  over  a range  of  storage  temperatures,  and  resisted  common 
disinfection  techniques.  These  findings  emphasize  the  need  for  further  scientific 
research  into  effective  disinfection  methods  to  address  potentially  contaminated 
fruits  end  vegetables.  Additionally,  fndings  demonstrate  that  furber 
development  of  preventative  measures  for  use  in  thefelds  as  well  as  by 
processors  may  be  necessary  to  prevent  contamination  of  produce.  The  produce 
Industry  currenUy  takes  many  precautions  to  prevent  the  contaminalior  of  the 
IruH  including  the  use  of  good  agricultural  practices  (GAPs)  in  the  fields,  and 
adherence  to  good  manufacturing  practices  (GMPs)  during  processing 
Implementation  of  the  precautions  outlined  in  the  U.S.  Food  and  Drug 
administration's  'Guide  to  minimize  microbial  food  safety  hazards  for  fresh  fruits 
and  vegetables'  may  also  play  a key  role  in  addressing  produce  safety  both  tor 
domestc  and  international  producers.  However,  consumers  must  do  their  part 


as  well  to  prevent  contamlnatlor  at  home,  by  avoiding  cross  contami 
raw  meat  prodjcts  and  jtilizing  sanitary  food  handling  practices. 
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FLOW  CHARTS  OF  EXPERIMENTAL  PROCEDURES 
Strawberry  Dislnfectior  Procedures 


Inoculation  Preparation 

18-hour  cultures  of  challenge  bactehe  washed  In  0.85%  saline 
Viral  stocks  ore-filtered  with  0.2-|jm  porosity  filter 
U 

Challenge  organisms  added  to  2L  of  water  carrier  to  produce  1 0'  CFU  or 
PFU/ml.  Water  temoerature  > 15°C  aOove  temperature  of  fruit 

2S-30gm  sound  strawberries  selected,  stem/leaves  removed 

U 

Immersed  in  inoculm  2 minutes  with  stirring,  removed  and  dried  3 hours  In 
biological  safety  cabinet 


Treatment  Application 

Treatments  were  applied  by  immersion  of  S inoculated  samples  In  the  solutions 
br2  minutes  with  constant  manual  stirring,  followed  by  45  second  Immersion  In 
deionized  water  containing  0.05%  (w/v)  sodium  thiosulfate 


Sample  Elution 

Individual  strawberries  placed  in  2S0ml  sample  beg  containing 
30ml8  PBS-Tween  and  placed  on  rotary  shaker  (SOrpm)  in  36"C  Incubator  tor  25 
minutes 
U 

Samples  diluted  as  necessary  In  0.1%  TSB 

ft 

Bacteria  plated  on  TSA-rif  w/supplements 
Viruses  enumerated  using  soil  agar  overiay  method  on  PCA-CV 


Plates  counted  after  24  I 


t36'C 
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Strawberry  Persistence  Procedure 


Inoculation  Preparation 

ur  cultures  of  challenge  bacteria  washed  in  0.&5%  st 
Viral  slocks  pre-filtered  with  0.2-pm  porosity  filler 


25-30gm  sound  strawberries  selected,  slem/leaves  removed 

U 

Immersed  in  inoculm  2 minutes  with  stirring 

U 

Berries  dried  3 hours  in  biological  safety  cabinet 

U 

Samples  stored  at  4°C 

U 

Sample  Etution 

Individual  strawberries  placed  in  250ml  sample  bag  containing 
Is  PBS-Tweenand  placed  on  rotary  shaker  (60rpm)  in36°C  incubator  for  25 


Plates  counted  after  24  hours  at 
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Tomato  Disinfection  Procsdcre 


Inoculation  Preparation 

18  hour  cultures  of  ctiallenge  bacteria  washed  in  0.85%  sallrre 
Viral  stocks  pre-fillered  with  0.2-pm  porosity  filter 
8 

Challenge  organisms  added  to  2L  of  water  or  sewage  carrier  to  produce  10'  CPU 
or  PFU/ml.  Csn1ertemperature>  15°C  above  temperature  of  Fruit 


Mature  representative  tomatoes 
25-pl  Inouclum  deposited  on  respective 


ar  harvest)  selected 
ir,  Intact  surface,  pin-prtck) 


a HACH  F 
in  of  1.0 
instructions.  All  treatment : 


0 a final  pH  of  7.3  by  the 
was  prepared  per  label 
prepared  in  2L  volumes,  and  applied  at 


Treatment  Application 

Treatments  were  applied  by  immersion  of  5 Inoculated  samples  In  the  solutions 
for  2 minutes  wKh  constant  manual  stirring,  followed  by  45  second  immersion  In 
deionized  water  containing  0,05%  (w/v)  sodium  thiosulfate 

Sample  Elution 

Inoculated  sample  regions  excised  with  an  ethanol-sanitized  scalpel  and  placed 
In  sterile  centrifuge  lubes  containing  5.0ml  PBS-Tween 

Samples  diluted  as  necessary  in  0.1%  TSB 


'fates  counted  after  24  he 


135%: 


Tomato  Persistence  Procedi. 


Inoculation  Preparation 

16  hour  cultures  of  challenge  bacteria  washed  in  0.85%  saline 
Viral  stocKs  ore-filtered  with  0.2-tJm  porosit/ filter 
U 

Challenge  organisms  added  to2L  of  water  or  sewage  carrier  to  produce  lO'CFU 
or  PFU/ml.  Carrier  temperature  > 15"C  above  temperature  of  fruit 

11  U 

Deionized  Water  Raw  Sewage  -filtered 

with  0.2-pm  porosity  niter 


JJ 

Non-ripe  representative  tomatoes  (pinks  to  green)  selected 
4 

25-pl  Inojclum  deposited  on  respective  site  (stem  scar,  intact  surface,  pin-prick) 

Fmlt  dried  3 hours  in  biological  safety  cabinet 

4 

Samples  stored  at  4, 10,  or25°C 

4 

Sample  Elution 

Inoculated  sample  regions  excised  with  an  ethanol-sanitized  scalpel  and  placed 
In  sterile  centrifuge  tubes  containirrg  S.OmI  PBS-Tween 
4 

Samples  diluted  as  necessary  in  0.1%  TSB 

4 

Bacteria  plated  on  TSA-rif  w/supplements 
Viruses  enumerated  using  soft  agar  overlay  method  on  PCA-CV 


I after  24  I 


; at  36"C 


1D9 


LettJce  DIs 


18-hour  cultures  of  challenge  bacteria  washed  In  0.85%  saline 
Viral  stocks  pre-fitered  with  0.2-pm  porosity  filler 
U 

Challenge  organisms  added  to  SmI  of  deionized  water  carrier  to  produce  10' 
CFU  or  PFUfml.  Carrier  temperature  > 15°C  above  temperature  of  lettuce 
iJ 

Head  of  romaine  lettuce  cut  into  approximately  6 x 8cm  portions  and  mixed  well, 
pladrg  100g  of  lettuce  placed  into  sterile  stomacher  bags  (360  x SOScm) 


3.0ml  of  the  inoculum  cocktail  sprinkled  across  the  lettuce,  the  bag  folded  and 
shaken  to  distribute  the  Inoculum  and  samples  stored  at  4°C 
U 

Solutions  of  50,  too,  200,  and  SOOppm  free  chlorine  were  prepared  using 
household  bleach  (5.25%  sodium  hypochlorite)  with  concentrations  monitored 
using  a HACH  Free  Chlorine  Kit  and  solutions  ad|usted  to  a final  pH  of  7.3  by  the 
addition  of  t.O  molar  hydrochloric  acid.  Camebon  200*  was  prepared  per  label 
Instructions.  All  treatment  soiutiohs  formulated  in  2L  volumes,  and  were  applied 
atsa'k: 

5 

T reatments  were  applied  by  placing  1 0Ogms  of  Uie  inoculated  sample  into  2L  of 
treatment  solulionsfor  2'  minutes  with  constant  manual  stirring,  followed  by  45 
second  Immersion  in  deionized  water  containing  0.05%  (w/v)  sodium  thlosulfale 

Inoculated  sample  (tOOgm)  divided  into  20gm  samples  placed  were  placed  into 
sterile  250ml  sample  bags,  with  80mls  ofPBS-Tween  added  to  each  sample  bag. 

Samples  placed  on  rotary  shaker  (60rpm)  in  36"C  Incubator  for  25  minutes 

5 


Samples  diluted  as  necessary  in  0.1%  TSB 
U 

Bacteria  plated  on  TSA-rifw/supplements 
Viruses  enumerated  using  soft  ager  overley  method  on  PCA-CV 

Plates  counted  after  24  hours  at  36°C 


LeHiJce  Persistence  Prtrcedure 


Incculatlon  Preparation 

1 B hour  cultures  of  challenge  bacteria  washed  in  0.85%  saline 
Viral  slocks  pre-filtered  with  0.2-pm  porosity  filter 
U 

Challenge  organisms  added  to  5ml  of  deionized  water  carrier  to  produce  10’ 

CPU  or  PFU/ml.  Carrier  temperature  > 15%:  above  temperature  of  lettuce 
4 

Head  ofromarne  lettuce  cut  Into  approximately  6 x Bern  portions  and  mixed  well, 
discarding  Inedible  base/core 
U 

lOOg  of  processed  lettuce  placed  Into  sterile  stomacher  bags  [380  x SOBcm) 

3.0ml  of  the  inoculum  cocktail  sprinkled  across  the  lettuce,  the  bag  folded  and 
shaken  to  distribute  the  Inoculum 
U 

Samples  stored  at 

4 

Sample  Elution 

Inoculated  sample  <100gm|  divided  into  20gm  samples  placed  were  placed  into 

sterile  250ml  sample  bags,  with  BOmIs  of  P5S-Tween  added  to  each  sample  bag. 
4 

Samples  placed  on  rotary  shaker  (SOrpm)  in  36°C  incubator  for  25  minutes 
4 

Samples  diluted  as  necessary  in  0.1%  TSB 
4 

Bacteria  plated  cm  TSA-rif  wfsupplemenls 
Viruses  enumerated  using  soft  agar  overlay  method  on  PCA.CV 

Plates  counted  after  24  hours  at  36°C 


Cantaloupe  Disinfection  Procedures 


Inoculation  Preparation 

1 8-hour  cuHures  of  challenge  bacteria  washed  in  0.85%  saline 
Viral  stocks  pre-filtered  with  0.2-pm  porosity  filter 
U 

Challenge  organisms  added  to  SmI  of  deionized  water  carrier  to  produce  10’ 
CFUor  PFU/ml.  Carrier  temperature*  15^  above  temperature  of  fruit 

I ■ 

1.5cm’  areas  were  marked  on  the  surfaces  of  the  melons  with  a permanent 
marker.  SO-pl  Inoudum  deposHed  on  marked  surface  and  dried  18  hours  in 
biological  safety  cabinet 
It 

Treatment  Solution  Preparation 

Solutions  of  SO.  100,  200,  and  300ppm  free  chlorine  were  prepared  using 
household  bleach  (5.25%  sodium  hypochlorite)  with  concentrations  monitored 
using  a HACH  Free  Chlorine  KH  and  solutions  adjusted  to  a final  pH  of  7.3  by  the 
addition  of  1.0  molar  hydrochloric  acid.  Camebon  200*  was  prepared  per  label 
inslnictlons.  All  trealmanl  solutions  were  prepared  In  2L  volumes  and  applied  at 
43“C 
U 

Treatment  Appllcatioh 

Treatments  were  applied  by  Immersion  of  Individual  inoculated  melons  in  the 
solutions  for  2 minutes  with  constant  manual  stirring,  followed  by  4S-eecond 
immersion  in  deionized  water  containing  0.05%  (w/v)  sodium  thiosulfate 

(j 

Sample  Elution 

Inoculated  sample  regions  excised  with  an  ethanol-sanitized  scalpel  and  placed 
in  sterile  centdfuge  tubes  containing  7.0ml  PBS-Tween  and  placed  on  rotary 
shaker  (60rpm)  in  Se^C  incubator  for  25  minutes 
U 

Samples  diluted  as  necessary  in  0.1%  TSB 

Bacteria  plated  on  TSA-rif  w/supplements 
Vinjses  enumerated  using  soft  agar  overlay  method  on  PCA-CV 

Plates  counted  after  24  hours  at  36°C 


112 


inocufatior  Prsparabon 

18  hour  cultures  of  cliallenge  bacteria  washed  in  0.85%  saline 
Viral  slocks  pre-lillered  with  0.2-iim  porosity  filter 
4 

Challenge  organisms  added  to  5ml  of  deionized  water  carrier  to  produce  10’ 
CPU  or  PFU/irl.  Carrier  temperature  > 1 S°C  above  temperature  of  fruit. 

marker 

U 

50-pl  inojclum  deposited  on  marked  surface 
Fruit  dried  18  hours  in  biological  safety  cabinet 

Samples  stored  at  4 or25°C 
ll 

Sample  Elution 

Inoculated  sample  regions  excised  with  an  ethanol-sanitized  scalpel  and  placed 
In  sterile  centrifuge  tubes  containing  7.0ml  P6S-Tween  and  placed  on  rotary 
shaker  (60rpm]  in  36°C  incubatorfor25  minutes 
4 

Samples  diluted  as  necessary  in  0.1%  TSB 

Bacteria  plated  onTSA-rifw/supplements 
Viruses  enumerated  using  soft  agar  overlay  method  on  PCA-CV 

Plates  counted  after  24  hours  at  36°C 
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